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(54) Title: AN ORGANOTYPIC INTESTINAL CULTURE AND METHODS OF USE THEREOF 

(57) Abstract: An organotypic culture comprises an artificial stroma overlayed with epithelial cells isolated fit>m a human colon or 
intestine. The stroma comprises a mixture of collagen and human fibroblasts isolated from a human colon or intestine. The <^^^^ 
contains a factor that binds the IGF- 1 receptor, a factor that binds the EGF receptor, and a factor that binds the LIF receptor. These 
factors may be added exogenously to the culture via medium or may be expressed by various recombinanily engineered cell types 
in the culnire. The organotypic cultare can result in growth that is in situ-Mke or emphasizes other physiological or morphological 
states, depending on the balance of factors in the growth media. The organotypic cultare may be used in methods for screenmg of 
therapeutic, carcinogenic, or growth enhancement factors, or for treating intestinal injuries by applying to the site of an mjury the 
intact culture or the components thereof. 



<WO ^030ie7S2A2^l_> 



wo 03/018752 PCTAJS02/26663 



AN ORGANOTYPIC INTESTINAL CULTURE AND 
METHODS OF USE THEREOF 



Aspects of this invention were supported by the National Institutes of Health 
5 grant Nos. CA74294, PK50306, and CAI 08185. The United States government may 

have certain rights in this invention. 

BACKGROUND OF THE INVENTION 

The normal human colonic epithelium undergoes continuous cycle of renewal 

1 0 with a dynamic equilibrium between proliferation, differentiation and apoptosis. 

Within the base of each crypt (i.e., a deep indentation formed by involutions of the 
colonic epithelium), yet to be identified stem cells give rise to progenitor cells that 
divide rapidly four to six times before differmtiation. In the mouse intestine, up to 
60% of the approximately 250 epithelial cells in a single crypt divide twice daily, 

1 5 yielding up to 260 new cells. Thus, the intestinal epithelium harbors one of the most 

rapidly dividing cell types in any mammalian organ. Polarized cells migrate along the 
crypt's basement membrane towards the apical surface of colonic villi, where tiie cells 
undergo differentiation as indicated by shifts in cytoskeletal markers such as 
cy tokeratins, cytoplasmic carbonic anhydrase isozyme II, and the brush border 

20 enzyme alkaline phosphatase. 

Induction of differentiation is incompletely understood, but appears to result 
from a concerted interplay between growth factors produced by epithelial and stromal 
cells and signals from basement membrane components. The basement membrane is 
synthesized by both epiflielial and mesenchymal cells, and it contains numerous 

25 fenestrations through which processes of myofibroblasts and/or epithelial cells extend. 

Little is known about the role of fibroblasts in modulating proliferation and 
differentiation of colonic epithelial cells except that fibroblasts can prolong their 
survival. Heterologous cross-talk between epitiielial and mesenchymal compartments 
involves basement membrane molecules and paracrine factors. The mesenchymal 

30 cells apparently produce as yet undefmed growth factors for the epithelial cells. 

Normal human colonic epithelial cells have been difficult to maintain in vitro. 
Thus knowledge about intestinal cell regulation has been derived from studies with 
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cell cultures isolated from experimental animals and human colon cancer-derived cell 
lines. Normal epithelial cells survive only a few days in culture, which has limited 
studies of proliferation and differentiation. For example, in Whitehead et al's culture 
(Whitehead R. H. et al, 1999 Gastroenterology, 1 17:858-865), normal adult colonic 
5 crypt cells were embedded into an acellular collagen gel matrix over a feeder layer of 

bovine aortic endothelial cells, and grown as isolated islands of cells, which increased 
their survival for up to 16 days. 

Normal human cells grown as isolated cultures in monolayer lose many 
characteristics of those in situ and often resemble the phenotype of cancer cells. For 
1 0 example, colonic cells immortalized with viral oncogenes lose their typical epithelial 

morphology and neither polarize nor differentiate, limiting the use of their usefulness 
for biological studies. 

In contrast, cells in a tissue-like context maintain a similar phenotype as those 
growing in situ. Organotypic reconstructs and cultures can serve as replacement 
1 5 organs, as models for the study of the basic biology of organs, and as screening 

systems for development of drugs, to identify drug candidates as well as to observe 
candidate drug activity, such as its transport into organs, or dosage requirements. 
Ob>gously, the most useful organotypic cell reconstructs and cultures have a long 
shelf life and allow the component cells to maintain their normal cellular activities 
20 and morphologies and the ability to function within the organ. 

Organo^ic culture models for esophagus, bladder, pancreatic duct, breast, 
lung, liver, and human skin have all been used for studies of tissue physiology, drug 
delivery and transformation. The cells in those organotypic cultures retain many of 
the functions they had in situ. For example, normal human melanocytes in the 
25 epidermis of an organotypic skin culture were shown to develop close adhesive and 

gap junctional communications with basal layer keratinocytes. 

In contrast to cells of most other organs, normal human colon cells have been 
difficult to maintain in vitro. Currently available normal human intestinal epithelial 
cells are derived from the small intestine and exhibit undifferentiated features, while 
30 differentiated enterocytes remain in culture for only 10-12 days. Models of human 

intestine in culture are not suitable for studies of proliferation and differentiation. The 
cultured cells survive for only a few days. Co-culture of intestinal epithelial cells 

2 
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with fibroblasts or myofibroblasts could prolong survival. To improve survival, 
immortalization of colonic cells witfi genes from oncogenic viruses has been 
attempted. However, the transformed cells lost their typical epithelial morphology 
and did not polarize or difTerentiate. 
5 There remains a need in tfie art for compositions and methods that provide a 

useful source of normal human intestinal epithelial cells which maintains in situAike 
properties for use in studies of colon biology, screening for drug absorption and 
efficacy and for therapeutic uses, such as in transplantation or the treatment of colon 
lesions. 

10 

SUMMARY OF THE INVENTION 

In one aspect, this invention provides an organotypic culture comprising an 
artificial stroma comprising a mixture of collagen and human fibroblasts isolated from 
a human colon or intestine, the stroma overlayed with epithelial cells isolated from a 
1 5 human colon or intestine. Present in the culture are at least one growth factor that 

binds the insulin growth factor-1 (IGF-1) receptor, at least one growth factor that 
binds the epidermal growth factor (EOF) receptor, and at least one growth factor that 
binds the leukemia inhibitory factor (UF) receptor. Desirably this organotypic 
culture resembles the in situ colon or small intestine tissue. In anotfier embodiment, 
20 cells of the organotypic culture are in specific pre-hemostatic stages. 

In another aspect, the invention provides a culture medium suitable for growth 
of an organotypic culture of claim 1 comprising a base media, at least one of insulin 
or IGF-1, at least one of EGF-1 or tumor growth factor (TGF)-alpha, and LIF. In 
another embodiment, the medium includes a base media, 1% fetal calf serum (FCS) 
25 and/or transferrin, and at least one factor selected from among insulin or IGF-1 , EGF 

or TGF-alpha, endothelin-3 (ET-3), hepatocyte growth factor (HGF), UF, stem cell 
factor (SCF), and autocrine mobility factor (AMF). Still additional embodiments are 
disclosed below. 

In still another aspect, the invention provides a method of preparing an 
30 organotypic culture as above-described. This method involves assembling an 

artificial stroma by mixing collagen and fibroblasts; and seeding the artificial stroma 
with epithelial cells in the presence of at least one growth factor that binds the IGF*1 
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receptor, at least one growth factor that binds the EGF receptor, and at least one 
growth factor that binds the LIF receptor. 

In yet another aspect, the invention provides a method of in vitro screening of 
an agent comprising contacting an above-described organotypic culture with a 

5 selected agent in a vessel, and observing the effect of the agent upon the culture. 

Depending upon the desired effect sought, this method enables one to select from 
among many agents, an agent suitable as e.g., a drug candidate, or an agent that 
affects cell replication, proliferation or differentiation in a desirable way. This 
screening method permits the identification of agents that would affect wound repair, 

1 0 agents that are carcinogens, and/or agents that absorb or cross membrane transport 

into tissue. 

In still a further aspect, the invention provides a method for screening an agent 
for repairing effect on intestinal epithelial cell injury. This method involves 
disrupting the layer of epithelial cells on an above-described organotypic culture; and 
1 5 contacting the site of disruption with the selected agent; The effects of the agent on 

the repair of the epithelial cell layer are observed, thereby enabling selection of an 
agent which promotes repair of the epiihelial cell layer and/or is capable'of repairing 
the)mjury. 

In yet another aspect, the invention involves a method for enhancing epithelial 
20 cell repair at an m vivo site of intestinal or colonic injury. This method involves 

delivering to the site of the injury at least one of collagen, fibroblasts, a growth factor 
that binds the IGF-1 receptor, a growth factor that binds the EGF receptor, and a 
growth factor that binds the LIF receptor, or a combination of these factors. In one 
embodiment, the fibroblasts may be recombinantly engineered to express one or more 
25 of the other factors. 

In still another aspect, the invention involves a method of treating an intestinal 
wound by placing an organotypic culture as defined herein on an intestinal wound in a 
patient 

Other aspects and advantages of the present invention are described further in 
30 the following detailed description of the embodiments thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph plotting diameter (mm) of constriction of collagen over time 
of incubation (mean ± SD of 8 samples) in a colonic culture preparation including 
fetal colon (18 weeks' gestation ) after isolation of mucosa and after the epithelial 
5 layer is stripped, including Ae bottom of ciypts. 

Fig. 2A is a bar graph illustrating the results of 'H-Aymidine incorporation 
assays on orgjmotypic cultures of the invention grown in variously supplemented 
media, as discussed in Example 4. Significant stimulation of cells in base medium 
with LIF (BM + LIF) is compared with base medium (BM) only. Incorporation was 
1 0 measured after 2 days when cells were cultured on matrix without fibroblasts. Results 
are mean (± SD) median of 4 experimatts. 

Fig. 2B is a bar graph illustrating that the number of colonic epithelial cells is 
significantly higher in LIF-containing base medium. Resuhs are mean (± SD) from 
360 fields. 

15 Fig. 2C is a bar graph illustrating that numbers of both BrdU-positive and total 

epithelial cells were significanUy higher in liF-stimulated cultures, whereas there 

were no differences in fibroblast numbers. 

Fig. 3 A is a bar graph illustrating differentiated cells in organotypic colon 

cultures, showing a percentage of goblet cells among total cells and per area, 
20 indicating lack of stimulation by LIF. TTiere was a trend (p = 0.10) towarf increased 

absolute numbers of goblet cells in LIF-stimulated cultures. 

Fig. 3B is a bar graph illustrating differentiated cells in organotypic colon 

cultures, showing a decrease of total enteroendocrine cell numbers in UF-containing 

medium. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a novel organotypic culture model, also referred to as an 
intestinal reconstruct, tfiat mimics in situ conditions of the normal human colon. This 
culture is thus usefiil in the investigation of colon epithelial cell proliferation and 
30 differentiation, and permits the dissection of the role of individual growth factors in 
the cross-talk between the epithelial and mesenchymal compartments that form the 
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nonnal intestinal wall. Thus this organotypic culture is useful for screening of agents 
which may have therapeutic or toxic effects on the intestinal wall, as well as other 
research and therapeutic uses described below. 

I. The Organotypic Culture of the Invention 

In the normal intestine, both epithelial cells and myofibroblasts contribute to 
formation of the basement membrane (Kedinger, M. et al, 1998. Ann. N Y. Acad, ScL 
859: 1-17). The organotypic culture of this invention comprises an artificial stroma 
(also known as a stromal reconstruct or stromal ntatrix) overlayed or seeded with 
epithehal cells isolated from a human colon or human intestine. This culture further 
contains at least one growth factor that binds the insulin grovrth factor- 1 (IGF-1) 
receptor, at least one growth factor that binds the epidermal growth factor (EGF) 
receptor, and at least one growth factor that binds the leukemia inhibitoiy factor (LIF) 
receptor. A reconstruct comprising either type of epithelial cells is referred herein as 
an intestinal reconstruct. This combination of all three components, i.e. stromal cells, 
collagen, and colonic or small intestine epithelial cellis grown in contact with the 
collagen and stromal cells is important in allowing the growth of the epithelial cells 
and%ssembly of an in situ like reconstruct. The reconstruct can be grown in a media 
which comprises base media supplied with specific subsets of factors, which allows 
for identification of agents that effect specific morphological and interactive 
phenomena of cells within the reconstruct 

A, The Artificial Stroma 

The artificial stroma is a matrix formed by a mixture of collagen and human 
fibroblasts isolated from a human colon or intestine. Optionally, the stromal 
reconstruct further comprises smooth muscle cells. Still optionally, the stromal 
reconstruct may contain other, types of cells, such as neurons, perycites, endothelial 
cells and macrophages, among others. The artificial stroma provides a collagen 
substrate with stromal cells to closely mimic physiological conditions. Thus, in the 
three-dimensional organotypic culture, the artificial stroma permits the isolated 
human fetal colonic epithelial cells to be maintained in Aeir native milieu. The 
fibroblasts constrict the collagen in the artificial stroma, allowing the colonic 
epithelial cells to migrate, proliferate and differentiate. 
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Collagen ftom any source can be used in the artificial stroma. In one 
embodiment collagpn type I is used in the stroma; in another embodiment collagen 
type in is used in the stroma. Collagen types I and ffl are the major types of collagen 
present in the nonnal stroma and intestine. In one embodiment, the collagen used in 
5 the artificial stroma is human collagen. In another embodiment, another manranalian 

collagen may be used to form the artificial stroma, such as bovine tendon acid- 
extracted collagen (Organogenesis, Canton, MA). Another commercially available 
collagen which can be used in this invention is rat tail collagen (Collaborative 
Research Products). 

10 Any human fibroblasts are useful in admixture with the collagen to form the 

artificial stroma. In one embodiment, the fibroblasts are human colonic fibroblasts. 
In a specific embodiment, the fibroblasts are adult human colon fibroblasts. In 
another embodiment the fibroblasts are fetal human colon fibroblasts. In another 
embodiment the fibroblasts are adult human small intestinal fibroblasts. In still 
1 5 another embodiment, the fibroblasts are fetal human small intestinal fibroblasts. Still 
another source of fibroblasts are human fibroblast stem cells, which may be derived 
from bone manow. The fibroblasts can be newly isolated from the above sources or 
the fibroblast cells can be ftom an established cell line. 

Methods of establishing and propagation of mammalian fibroblast cell lines 
20 are well known in the art (Bell et al.. 1993 J. Invest Dermat., 81 Suppl.: 2s-10s). A 

few such cell lines were produced ftom fetus explants as described in the Examples. 
One such line used as a source for fibroblasts for the artificial stroma of this invention 
is FFC331 . It was propapted on Dulbecco's modified minimum essential medium 
(DMEM. GIBCO BRL, Rockviile. MD) supplemented with 10% fetal calf serum 
25 (FCS, Cansera, Rexdale. Ontario. Canada) and antibiotics. Cultures were used up to 

passage 10. Use of cells ftom cell lines that did not undergo excessive passages is 
preferred. Other sources of suitable ceH lines may be obtained from commercial or 
institutional laboratories and facilities, such as the American Type Cell Culture, 
Manassass, Viigpiia. 

30 In one embodiment of the artificial stroma, human smooth muscle cells are 

also embedded m the collagen, along with the fibroblasts. Human smooth muscle 
cells ftom any organ or tissue can be used, for example, from the abdomen or the 
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vascular system. However, vascular smooth muscle cells are preferred. The cells can 
be freshly isolated from adult humans, from fetal cell sources, or as stem cells from 
the bone mairow. Alternatively, the cells can be obtained fiom an established cell 
line. One such line predominantly iised as a source of smooth muscle cells was 
5 HlASl 19 (Dr. E. Levine, The Wistar Institute). The HIASl 19 cells were isolated 

from human laige vessels and maintained in medium M199. supplemented with 10% 
FCS, 2 mM L-glutamine, and 50 g/ml of bovine hypothalamic extract (Sorger. T. et 
al.. 1995/11 W/«>Ce//r>ev.Bio/.>4«im., 31:671-683). Other sources of suitable cell 
lines may be obtained from commercial or institutional laboratories and facilities. 
10 such as the American Type Cell Culture. Manassass, Virginia. 

Tlie lalio of fibroblast and smooth muscle cells (if used) is .subject to a large 
degree of variability. Preferably, the ratio of fibroblast:smooth muscle cells is about 
1 :1 or higher. In a particularly preferred embodiment, the ratio is 10:1 
fibroblasts:smooth muscle cells. 
15 In another embodiment, the fibroblasts and optionally the smooth muscle cells 

for admfacture into the collagen matrix to form the artificial stroma are genetically 
engineered to permit the cells to overexpress one or more factors that aret.desirable for 
growth and maintenance of the organotypic culture of this invention. TTie techniques, 
vectois and factors useful for the generation of such fibroblasts (and optionally 
20 smooth muscle cells) are described in detail below, under the heading "Manipulation 
of Cells of die Organotypic Culture". 

For preparation of the artificial stroma, the collagen is suspended in suitable 
medium. In one embodiment, used in the Examples below, the medium is DMEM 
supplemented with Vitamin C (Sigma) at 50 M/liter. L-gtotamine (GIBCO; BRL) at 
25 1.66 mM and 1% fetal calf serum (FCS) to a final concentration of 0.9 to 1.1 mg/ml. 

The suspension is neutralized, preferably to about pH 7.0. In one embodiment, a pH 
of 7.2 is used. Before the collagen gel hardens (usually within about 15 minutes), 
fibroblasts and optional smooth muscle cells are added. TTie stromal (i.e., fibroblast) 
cells are added to collagen in a small volume of a buffer. Any conventional buffer is 
30 useful, including e.g.. DMEM. TTie buffer may be selected from a variety of buffers 
known to those of skill in the art to be used in the compositions of the invention and 
include, without limitation, phosphate buffered saline (PBS) or isotonic saline, such as 

8 
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ISOTONOU diluent, U.S. Patent 3,962,125, [Beckman Coulter, Inc., Miami, 
Florida], Tris buffer, the organic buffer N-(2-Acetainido>2-iminodiacetic acid 
(ADA), or Pyrophosphate buffer or combinations thereof Also useful are acetate 
buffers, succinate buffers, maleate buffers, citrate buffers, imidazole buffers, 

5 carbonate buffers, MES buffer, MOPS buffer, and HEPES buffer, among many that 

may be readily selected by one of skill in the art Still other buffers such as the Good 
buffers identified in Good, N. E. et aL 1966 Biochemistry 5, 467 and Good, N. E., and 
Izawa, S. 1972 Methods EnzymoL 24 ^ 53 may be utilized depending upon the 
functional requirements of the fonnulation as determined by one skilled in the art. 

0 Depending upon whether the cells embedded in the collagen have been 

manipulated to overexpress desired factors, the artificial stromal reconstruct is 
thereafter maintained in medium which may be complete media, a minimal (or base) 
media, or base media supplemented with certain essential and optional growth factors, 
as desired as discussed below. 

5 In yet anotfier embodiment, flie artificial stroma is overlaid or coated with an 

extracellular matrix or matrix protein prior. In one embodiment, the fibroblast and/or 
smooth muscle cell-embedded collagen is treated with die matrix protein5Laminin-2 
a2pl:T 1. In another embodiment the fibroblast and/or smooth muscle cell-embedded 
collagen is treated with the matrix protein Laminin.-l a2plYl • In yet another 
20 embodiment, the fibroblast and/or smooth muscle cell-embedded collagen is treated 

with a combination of such matrix proteins. One commercially available combination 
is Matrigel® gel matrix (Collaborative Research, Bedford, MA), which contains 
Laminin-I and other matrix proteins, such as collagen IV and nitrogen. Preferably, 
the fibroblast and/or smooth muscle cell-embedded collagen is treated with the matrix 
25 protein prior to seeding the epithelial cells. 

Laminin-I induces the polarization (differentiation) of carcinoma derived cells 
and normal cells. Laminin-2 increases the proliferation rate of epithelial cells in the 
organotypic culture. Generally, the fibroblast-embedded collagen is treated by 
addition of about 20 ^g/ml of laminin to the growth media in which the artificial 

30 stroma is maintained. The artificial stroma is maintained in the laminin-enriched 

media for about an hour, washed with base media, and placed in complete media or 

9 
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base media enriched in factors in accordance with ttie invention, with or without 
added laminin. If laminin is added, it is added to about 10 ^g/ml. 

Matrix proteins, such as Laminin, from any source can be used to coat the 
fibroblast-embedded collagen. Several conunercially available matrix proteins 
5 include, without limitation, laminin 2 al^ly I (human Laminin, Life Technologies, 

Rockville, MD), laminin 1 - oipiyl (Sigma), mouse laminin 1 (Life Technologies), 
and Matrigel® matrix (Collaborative Research, Bedford, MA) (Burgeson, RE. et al., 
1994 Matrix BioL, 14:209-211 and Page, KC. et al., 1990 Bio/. /J^ro</.,43:659-664). 

10 B, The Epithelial Celk 

In the organotypic culture of this invention ^ epithelial cells are overlaid or 
seeded on the surface of the artiflcial stroma. In one embodiment, human intestinal 
cells are used. In another embodiment human colonic or large intestinal epithelial 
cells are used. In another embodiment, human small intestinal epithelial cells are 

1 5 used. In one embodiment the epithelial cells are adult human colon epithelial cells. 

In one embodiment, the epithelial cells are fetal human colon epitfielial cells. In 
another embodiment, the epithelial cells are adult human small intestinaliepithelial 
cells. In another embodiment, the epithelial cells are fetal human small intestinal 
epithelial cells. In still another embodiment, the epithelial cells are human epitiielial 

20 stem cells. Such stem cells may be obtained from human bone marrow. Such stem 

cells may be embryonic stem cells. 

The epithelial cells can be newly isolated from the above sources. A method 
of isolation of such cells is described in the Examples. See also Rogler et al. 1 998 
; Lab. Invest 78: 889-900. Known alternative and modified methods extant in the art 

25 can be used to isolate the human colonic or small intestine epithelial cells. 

Alternatively, the epithelial cells can be derived from an established epithelial cell 
line, such as an adenoma or carcinoma cell line. Suitable cell lines may be obtained 
from commercial or institutional laboratories and facilities, such as the American 
Type Cell Culture, Manassass, Virginia. 

30 In another embodiment, the epithelial cells for overiaying or seeding the 

artificial stroma to form the organotypic culture of this invention are genetically 
engineered to permit the cells to overexpress one or more factors that are desirable for 

10 
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growth and maintenance of the culture. The techniques, vectors and factors useful for 
the generation of such genetically engineered epithelial cells are described in detail 
below, under the headmg "Manipulation of Cells of the Organotypic Culture". 
C. Optional Endothelial Cell Layer 
5 In yet another embodiment, a layer of endothelial cells in a suitable medium 

may be provided lo underlie the artificial stroma and permit the organotypic culture to 
become vascularized. These endothelial cells form a capillary networic induced by the 
fibroblasts in the artificial stroma and infiltrate the collagen/fibroblast stroma to form 
microvessels. Such a system is analogous to that described for a vascularized skin 
10 reconstructinPCTPatentI»ublicationNo.WO02/30443. published on April 18.2002 

and incorporated by reference herein. . 

In one embodiment, human endothelial cells are used. In another 
embodiment, the endothelial cells are aduH human endothelial cells. In another 
embodiment, the endothelial cells are fetal human endothelial cells. In still another 
1 5 embodiment, the endothelial cells are human endothelial stem cells. Such stem cells 
may be obtained from human bone marrow. Such stem cells may be embryonic stem 
cells. 

The endothelial cells can be newly isolated from the above sources, known 
methods extant in the art can be used to isolate the human colonic or small intestine 
20 endothelial cells. Alternatively, flie endothelial cells can be derived from an 

established endothelial cell Ime. Suitable cell lines may be obtained from commercial 
or institutional laboratories and facilities, such as the American Type Cell Culture. 

Manassass, Virginia. 

In another embodiment, the endoflielial cells for underlaying the artificial 

25 stroma to form a vascularized organotypic culture of Ais invention are genetically 

engineered to permit the cells to overexpress one or more fectors that are desirable for 
growth and maintenance of the culture. The techniques, vectors and factors useful for 
the generation of such genetically engineered epithelial ceUs are described in detail 
below, under ihe heading "Manipulation of Cells of the Organotypic Culture". 

30 D. Manipulation of Cells of the Organotypic Culture 

In certain embodiments of the present invention, the fibroblast or optional 
smooth muscle cells present in the artificial stroma, the epithelial cells overlaying the 
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stroma, and the optional endothelial cells may be engineered to express or 
oveiexpiess a desirable fector or protein to provide the organotypic culture with 
nutrients suitable for growth, proliferation, differentiation, and long-term survival. 
Included among these proteins are one or more of the factors which are otherwise 
5 added to the base media or growth media, as discussed below to assemble various 

embodiments of the organotypic intestinal culture of tfiis invention. 

In one embodiment of the organotypic culture, at least a portion of the 
fibroblasts used for admixture wifli collagen to form the artificial stroma are infected 
or transfected. prior to admixture with the collagen, with a recombinant vector 
10 comprising a DNA sequence encoding a selected growth factor, under the control of 

regulatory sequences capable of expressing that factor in the fibroblasL In one 
embodiment the selected growth factor is a growth factor that binds Ae IGF-1 
receptor, such as insulin or IGF-1. In another embodfanent the growth factor is one 
that binds the EOF receptor, such as EOF or TGF-alpha. In still another embodiment 
1 5 the growth factor is one that binds the UF receptor, such as UF. In still anoAer 

embodiment, the growA factor binds the hepatocyte growth factor(HGF) receptor, 
such as HGF. TGF-p3 Is a factor that could be expressed to supply a factdr 
alternative to HGF. In still another embodiment the growth factor is a growth factor 
that binds the stem cell factor (SCF) receptor, e.g.. SCF. In yet another embodiment. 
20 the factor is a growth fiictor that binds the endothelin-3 (ET-3) receptor, such as ET-3. 

In another embodiment, the fibroblast is engineered to overexpress a growth factor 
that binds the platelet derived growth factor (PDGF) receptor, e.g. PDGF. In still 
another embodiment, the fibroblast is engineered to express a matrix protein, such as 

; Laminin-l or Laminin-2. 

25 In an alternative or additional embodiment of an organotypic culture of this 

invention, at least a portion of the epithelial cells used for seeding the artificial stroma 
are infected or transfected before seeding with a recombinant vector comprising a 
DNA sequence encoding a selected growth factor, under the control of regulatory 
sequences capable of expressing said factor in the epithelial cell. In one such 

30 embodiment, the epithelial cell expresses a growth factor that binds the IGF-1 

receptor. In another embodiment, the epithelial cell overexpresses a growth factor 
that binds the EGF receptor. In still another embodiment, the epithelial cell 
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overexpresses a growth factor that binds the SCF receptor. In yet another 
embodiment, the epithelial cell overexpresses a growth factor that binds the autocrine 
motility factor (AMF) receptor. In still another embodiment, the epithelial cells 
overexpresses a growth factor that binds the endothelin receptor A or the endothelin 
5 receptor B. 

In still alternative embodiments in which smooth muscle cells are also 
embedded in the artificial stroma, the smooth muscle cells may also be engineered to 
express one or more desired growth factors or matrix proteins, including any one of 
the growth Gictors or proteins previously identified above. In another embodiment of 

1 0 the organotypic culture, in which a layer of endothelial cells are employed to underlie 

the fibroblast-embedded artificial stroma, at least a portion of suclLendothelial cells 
are infected with a recombinant vector comprising a DNA sequence encoding a 
selected growth factor or matrix protein, under the control of regulatoiy sequences 
capable of expressing said factor protein in the endothelial cells. One of skill in the 

1 S art may select a suitable growth factor or protein for expression, if desired. 

The components for dte transfection or infection of one or more of the above 
cell types in the culture are readily available in the art For example, polynucleotide 
sequences encoding the proteins and growth factors identified above, and plasmid and 
vector constrocts containing these sequences for expression in mammalian cells are 

20 known. For example, these sequences are available from GenBank or readily 

accessible scientific publications, or even conunercially available. See, for example, 
LIF mRNA sequence (GenBank Accession No. XM009915); ET-3 mRNA sequence 
(GeneBank Accession No. XM009583); and TGFP-3 mRNA sequence (GeneBank 
: Accession No. J0324), and associated publications, thereof. One of skill in the art, 

25 e.g., in nK>lecular biology, can readily isolate, obtain, and manipulate these and other 

such sequences for expression, preferably regulated (inducible) expression of those 
genes. 

For example, tfiese sequences of the desired growth factors or proteins, useful 
fragments thereof, and modifications thereto may be constnicted recombinantly using 
30 conventional molecular biology techniques, site-directed mutagenesis, genetic 

engineering or PGR, and the like by utilizing the information provided herein. For 
example, methods for producing the above-identified modifications of the sequences, 
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include mutagenesis of certain nucleotides and/or insertion or deletion of nucleotides, 
or codons, thereby effecting the polypeptide sequence by insertion or deletion of, e.g., 
non-natural amino acids, are known and may be selected by one of skill in the art. 
See, e.g., Sambrook et aL, Molecular Cloning. A Laboratory Manual, 2d Edit., Cold 
5 Spring Harbor Laboratory, New Yoik (1989); Ausubel et al (1 997), Current 

Protocols in Molecular Biology, John Wiley & Sons, New York). 

Briefly described, a recombinant molecule or vector is constructed in which 
the polynucleotide sequence encoding the selected protein is operably linked to a 
heterologous expression control sequence permitting expression of the protein in the 
10 desired mammalian cells. Numerous types of appropriate expression vectors and 

vector components suitable for use in this invention are known in .the art 

Exemplary vectors and vector components, including selected constitutive and 
inducible promoters, are readily available from a variety of academic and commercial 
sources, and include, e.g., adeno-associated virus (International patent application No. 
1 5 PCTAJS91/03440), adenovirus vectors (M. Kay et al, 1 994 Proc. Natl Acad, Scl 

USA, P7:2353 (1994); S. Ishibashi et al, 1993 J. Clin. Invest:, 92:883 (1993)), or other 
viral vectors, e.g., various poxviruses, vaccinia, etc. In one embodiment of this 
invention, the desired vectors for use in infecting the cells of the organotypic culture 

■5* * 

are recombinant adenovirus vectors, including such vectors deficient in the El gene 
20 and partially defective in the E3 gene, such as those described in International Patent 
Publication No. WO 98/39055, published September 1 1, 1998 and incorporated 
herein by reference. Other known adenovirus vectors of the art may be similarly 
useful. 

; Exemplary regulatory sequences, including suitable promoters, may be 

25 selected for high level constitutive rapression of the selected factor or protein in the 
cell of the organotypic culture of this invention, including, without limitation, the 
cytomegalovirus (CMV) promoter, the SV40 promoter, the dihydrofolate reductase 
promoter, the P-actin promoter. Inducible promoters, regulated by exogenously 
supplied compounds, are also useful and include, without limitation, tiie zinc- 
30 inducible sheep metalloihionine (Ml) promoter, the dexamethasone (Dex)-inducible 
mouse mammary tumor vims (MMTV) promoter, the T7 polymerase promoter 
system; the tetracycline-repressible or tet-inducible systems. Other types of inducible 
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promoters which may be useful in this context are those which are regulated by a 
specific physiological state, e.g., temperature, acute phase, a particular differentiation 
state of the cell, or in replicating cells only. The native promoter for the growth factor 
may be used and is when expression of the transgene must be regulated temporally or 

5 developmentally, or in a tissue-specific manner. Tissues-specific promoters may also 
be used in these vectors. Other native expression control elements, such as enhancer 
elements, polyadenylation sites or Kozak consensus sequences may also be used to 
mimic the native expression. 

Thereafter, methods for ex vivo transduction, infection, or transfection of 

1 0 such vectors in the cells of the present invention also are well known. See, e.g., Nesbit 

et al., 1999 Oncogene 18: 6469-76; Phaneuf et al. 2000 Mol. Med., 6: 96-103; and 
Satayamoorthy et al. 1997 Cancer Res., 57: 873-6 (1997); International Patent 
Publication No. WO 01/40455, published June 7, 2001; International Patent 
Publication No. W096/13597, published May 9, 1996, among others and the 

1 5 references cited above. 

The preparation or synthesis of the polynucleotide sequences and recombinant 
vectors disclosed herein, as well as the components and techniques usefiil for 
preparing same are well within the ability of the person having ordinary skill in the art 
using available material. The particular selection of the vector, vector components, 

20 assembly methods and transfection/infection methods used to generate ihe 

recombinant cells usefiil in this embodiment of the present invention are not a 
limitation of this invention. One of skill in the art may make a selection among these 
methods and components without departing from the scope of this invention and using 
the guidance provided by this application. 

25 £1 Meditwi and Growth Factors 

As discussed above, various media may be employed in the production of the 
components of the organotypic culture and to achieve the desired proliferation, 
differentiation and survival of the culture. 

For use in maintaining the artificial stroma prior to addition of the epithelial 

30 cells, a base media containing only the minimum nutrients is usefiil. A suitable base 
medium can include MCDB 201 medium (Difco), LI 5 medium (Sigma), DMEM 
with 10% fetal calf serum (PCS), among others. Otfier base media are known in the 

15 
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art OptionaUy. such base media can include transfeirin and serum components, such 
as FCS or antibiotics. One specific embodiment of a base medium useful for 
maintaining the artificial stroma contains 4 parts MCDB 20 1 medium. 1 part LI 5 
medium (Sigma). 5 jig/ml transferrin (Sigma), and the antibiotics, streptomycin and 

5 gentomycin, 50 jig/ml, each. 

In embodiments of this invention in which the cells in the organotypic culture 
are not engineered to overexpress certain growth factors, or only engineered to 
express one or less than all of the necessary factors, the medium used in the 
organotypic culture can supply the factors exogenously. Along with ihe release of 

10 fibroblast-derived growth factors, colonic epithelial cells in the organotypic culture 
require exogenous growth factors in culture medium for survival, especially during 
the first 3 days of culture. During this time, the collagen-constricting fibroblasts have 
not yet reached a homeostatic balance. Besides growth, migration of the colonic cells 
appears to be critical for homeostasis of the colonic epithelium. Such growth factors 

15 are commercially available ftom a variety of sources, identified in the Examples 
below. 

A minimally supporting base medium for maintaining the organotypic culture 
of tfiis invention further includes a growth factor that binds to the epidemial growth 
factor (EGF) receptor, a growth factor that binds to the insulin-like growth factor-1 
20 aOF-l) receptor, and a growth factor that binds to the leukemia inhibitory factor 

(LIF) receptor. Grovrth factors that bind the IGF-1 receptor include insulin and lGF-1 
and are survival factors. Growth factors that bind the EGF receptor include EGF and 
tumor growth factor-alpha (TGF-alpha). EGF can stimulate intestinal epithelial cells 
in vivo and enhance colonogenic growth in vivo (Chailler. P. and Menard, D.. 1999 
25 Front. Biosci., 4:087-101). Among growth factors fliat bind the LIF receptor is UF. 

LIF was the most significant factor for proliferation of eukaryocytes while inhibiting 
differentiation. TTiis fiictor can be secreted by colorectal carcinoma cells to stimulate 
their proliferation (Kamohara, H. et al 1994 Res Commun Mol Pathol Pharmacol 85. 
131-140) by colorectal carcinoma ceUs to stimulate their proliferation (Guimbaud. R. 
30 et al. 1998 Eur Cytokine Netw 9. 607-612; and Bellone. G. et al. 1997 / Cell. 

Physiol 172. 1-1 1) by binding to its receptor expressed by colonic epithelial cells 
(Rockman. S. P et al. 2001 J. Gastroenterol Hepatol. 16. 991-1000) by binding to its 
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receptor expre^ed by colonic epithelial cells (Rockman, S. P. et al, 2001 J, 
Gastroenterol Hepatol 1 6, 991-1000). LIF activity was dependent on collagen- 
embedded fibroblasts. In the presence of the essential growth and survival factors 
insulin and epidermal growth factor (EGF), leukemia inhibitory factor (LIF) had the 
S most profound effect on stimulation of proliferation of the epithelial cells in the 

organotypic culture, while preventing differentiation, indicating that LIF is critical for 
maintaining the phenotype of colonic crypt cells. 

In contrast to the minimally supporting medium for the organotypic culture, a 
complete growth medium generally consists of the base medium supplemented with a 

1 0 variety of growth factors in addition to those identified in the minimally supporting 

medium. In complete growth medium, the growth factors induce a.balance between 
proliferation and differentiation. Among such additional growth factors includes, 
without limitation, a protein that binds the human basic fibroblast growth factor 
(bFGF) receptor, a protein that binds the endotheIin-3 (ET-3) receptor, a protein that 

1 5 binds the endothelin receptor A or B, a protein that binds the hepatocyte growth factor 
(HGF) receptor, a protein that binds the stem cell factor (SCF) receptor, a protein that 
binds the autocrine motility factor (AMF) receptor, and a protein that bindis the 
platelet derived growth factor (PDGF) receptor. Optionally, such media can include 
transferrin and serum components, such as fetal calf serum (FCS). See, e.g., the 

20 medium described in Nesbit M., et al. 1 999 Oncogene 1 8:6469-6476. 

For example, one embodiment of a suitable growth media for the organotypic 
cultures includes EOF, LIF and insulin, and at least one of SCF and ET-3. As 
demonstrated in the Examples, LIF was synergistically active with SCF and ET-3, 
which show little activity on their own. LIF also synergizes with HGF, which on its 

25 own induces a flat, migratory epithelial phenotype (Nusrat A. et al., 1 994 J Clin. 

Invest. 93: 2056-2065). UF may also have an effect on goblet cells which form in Oie 
organotypic construct of this invention. Goblet cells are terminally differentiated due 
to their high levels of mucin production. As shown in the examples below, the 
inventors observed that 33% of goblet cells in the organotypic culture incorporated 

30 BrdU during a 10-day culture period, suggesting that they developed through 

differentiation of proliferating enterocytes. LIF does not induce differentiation of 
cells to the neuroendocrine phenotype, which steadily declined in the culture, 
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suggesting that other factors are needed for this cell type. UF was critical for 
proliferation of enterocytes and inhibited expression of the differentiation nmker 
carbonic anhydrase II. In the presence of LIF. the number of goblet cells remained 
stable, whereas enteroendocrine cell number declined. LIF stimularion of cultures 
remained dependent on the presence of fibroblasts in the matrix. In the absence of 
other growth factors, LIF induced formation of disorganized structures of stratified 
and semi-stratified cells, suggesting that the homeostatic balance in the normal human 
colon requires cooperation with differentiation-inducing factors. 

In still another medium used in the examples, a complete growth medium 
contained a base media and insulin, transferrin, EGF. ET-3. HGF. LIF. SCF, AMF. 
and FCS, which combined to stimulate growth, migration and differentiation of the 
colonic cells. Only cultures in HGF-containing medium were able to cover the entire 
collagen matrix, consistent with evidence that this growth factor provides migratory 
stimulation. Although EGF can also stimulate migration, it alone was not sufficient to 
1 5 initiate it in the organotypic reconstruct of the invention. 

In combination with other factors in the medium. LIF was one of the most 
important mitogens and morphogens. In the presence of LIF and EGF only, colonic 
cells formed a polarized monolayer of highly cylindrical cells. Proliferation and cell- 
type sp^ific morphology were further enhanced and altered, respectively, by the 
20 combination of SCF. ET-3. EGF, and insulia Under tfiese conditions, epithelia 

formed highly disorganized structures of stratified and pseudostratified cells. Goblet 
cells lost polarity and deposited mucus towards the basement membrane. The number 
of goblet cells decreased in LIF-containing media, most likely because LIF can inhibit 
: differentiation. Dysplastic morphology and decreased number of goblet cells are 
25 early indications of prcmalignancy in the human colon (Wargovich, MJ. et al. 1983 J. 
Natl. Cancer Inst.,l\.\25-m and Aicher. MC. et aL \992Environ. Health 
Perspect., 98:195-197). In complete medium, other not yet identified growth factors 
must have induced a balance between proliferation and differentiation. 

Still other specific media for use in maintaining the organotypic cultures of 
30 this invention are described with specificity in the Examples below. 
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n. Methods for Preparing an Or^no^ic Culture of this Invention 

In general, the method of preparing an organotypic culture of the invention 
comprises the primaiy steps of assembling the artificial stroma by mixing collagen 
S and fibroblasts as described in detail above and thereafter, seeding the artificial 

stroma with epitfielial cells in the presence of a growth factor that binds the IGF- 1 
receptor, a growth factor that binds the EGF receptor, and a growth factor that binds 
the LIF receptor. As described above the growth factors may be provided 
exogenously by the media or may be provided by the use of recombinantly engineered 

1 0 fibroblasts or epithelial cells that express one or more of these factors. 

However, more complex organotypic cultures of the invention may be 
prepared by layering die artificial stroma over an endothelial cell layer, as described 
above. Additionally or alternatively, a matrix protein, e.g., laminin may be used to 
coated the artificial stroma prior to the seeding of the epithelial cells. Still other 

1 S embodiments are provided by the use of smooth muscle cells or neural cell types 

added to the artificial stroma. Still a further embodiment of an organotypic culture of 
this invention is provided by seeding a malignant cell on the surface of the artificial 
stroma, such as a epithelial cancer cell. By such addition of a cancer cell type on the 
surface of the artificial stroma, the organotypic culture can become a model of tumor 

20 forination or tumor-stroma interaction. Examples of readily available malignant cell 
types are a tumor from a human patient, or established tumors in an animal, or 
established malignant cell lines. In lieu of malignant cell seeding, a whole tumor 
could be implanted in a reconstruct See, e.g., Ochalek and Kleist, 1993 J. Clin. Lab. 
I AnaL,T. 155-163. 

25 In one embodiment for preparation of an organotypic culture of this invention, 

colonic epithelial cells or small intestine epithelial cells in media are seeded or 
overlaid on the surface of the artificial stroma. In one embodiment of the method, of 
generating the culture, tfie media volume is reduced from the time of overlaying and 
for about 1 to about 1.5 hours, to altow the epithelial cells to attach to the artificial 

30 stroma. The seeding can occur at anytime after the artificial stroma is established. 

The seeding preferably occurs within 24 hours after the artificial stroma is assembled. 
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n,e resulting organotypic leconslnict is grown on a minimally supporting 
medium. i.e.. base media plus UF. IGF-1 or insulin, and EGF or TGF-alpha. or 
various formulations of complete media, including the base medium plus optionally 
any other factoi<s) from among the growth factors identified above, transferrin or 1- 
5 2% FCS. The growth conditions (e.g.. temperature, oxygenation, resemble standard 
mammalian cell growth conditions. For example, the culture is incubated at 37-C in 
5% CO2 in growth media which was changed daily for 7 days, then changed three 
times/week for the next 21 days. 

The fibroblasts and optionally smooth muscle cells act to constrict the stromal 
10 reconstruct and allow epithelial cells to expand and cover the organotypic culture. 

The close proximity of the fibroblasts to epithelial cells in the organotypic culture 
allows formation of a micioenvironment that closely mimics mucosal compartments 
in vivo. TTiis microenvironment includes the formation of the three types of cells that 
normally populate the intestinal epithelial wall, e.g.. goblet cells, enteroendocrine 
15 cells and enteix>cytes. The inventors have maintained the epithelial cells and normal 
colonic homeostasis of cell growth and differentiation in the organotypic culture 
containing fibroblast-embedded artificial stroma in a complex growth facitor- 
supplemented medium for more than 1 month, and up to 40% of the entire cell 
population had proliferated during a 10-day incubation period. 
20 Goblet cells proliferated or differentiated from proliferating enterocytes, 

whereas enteroendocrine cells were only maintained without proliferation. 
Cooperative effects of growth factors were dependent on the presence of fibroblasts. 
The migratory properties of colonic epithelia in the organotypic culture of this 
; invention resembled intestinal wound healing with epithelial restitution (Dignass. A. 
25 \J.,200\ Inflamm. Bowel Dis.,T.6i-n). 

As described in the Examples below, in one embodiment of an organotypic 
culture of this invention, human fetal colonic epithelial cells were isolated and seeded 
on a collagen type I matrix embedded with colonic fibroblasts. The epithelial cells 
rapidly spread from clusters and proliferated, and wiAin 3 days, a columnar layer of 
polarized epithelium surrounded the surface of the constricted collagen matrix. TTre 
polarized enterocytes developed bnish borders, tight junctions and desmosomes. and 
goblet and enteroendocrine cells were dispersed throughout the epithelium. A balance 
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of growth and differenriation was maintained for several weeks in the presence of 
collagm-embedded fibroblasts and a complex mixture of growth factors. 

In another embodiment, the artificial stroma containing fibroblasts and smooth 
muscle cells constricted the collagen down to about 10% of its original volume, 

S allowing the epithelial cells to migrate and proliferate around the entire collagen 

matrix, producing an organotypic culture of diis invention. 

As described in the Examples below, several embodiments of the organotypic 
cultures of this invention were grown either in a complete media, i.e. the base media 
supplemented with insulin, transferrin, EGF, ET-3, HGF, LIF, SCF, AMF, and only 

10 1 % FCS, which combined to stimulate growth, migration and differentiation of the 

cells, or in a base media supplemented with 1% FCS, insulin, and EGF (the minimal 
media) and subsets of the other factors, which identified some of the factors to be 
crucial for specific phenomena, i.e. cell migration, survival, proliferation and 
differentiation. In other embodiments, prior to the seeding of epithelial cells, the 

1 S stromal reconstruct is incubated in the media further including laminin-1 and/or 

laminin-2, as described above. 

This organotypic culture of normal human colon cells provides evidence that 
microenvironmental factors regulate the proliferation and differentiation of these 
cells. Both the presence of stromal cells and growth factor supplementation in the 

20 medium were critical. When the intestinal organotypic reconstruct was grown in the 
complete media, the epithelium quickly covered all free surfaces and maintained a 
polarized monolayer with a balance of proliferation and apoptosis. There was 
differentiation into all major epithelial cell types, including enterocytes, goblet cells, 
and neurosecretory cells. In the intestinal reconstruct of the present invention, the 

25 mesenchymal (stromal) cells were observed to actively migrated and accumulated 

beneath the epithelium and aligned with the epithelium cells. This is likely due to 
attractants released by the colonic cells or to tfie trapping of randomly migrating 
fibroblasts at the epithelial interface and the developing basement membrane. During 
contraction of the collagen gel, the majority of the mesenchymal cells expressed a- 

30 smooth muscle actin (a-SMA), indicating differentiation to myofibroblasts. , as also 
observed in fibroblasts exposed to TGF-P (Berking, C, ct al, 2001 Cancer Res., 
61:8306-8316). Myofibroblasts, i.e., mature and differentiated fibroblasts, and mature 
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smooth muscle cells are known to produce and excrete growth factors including HGF, 
bPGF. IGF. and KGF (Nusrat A. et al., 1994 J Clin. Invest. 93: 2056-2065 and 
Powell, D. W.. et al. 1999 Am. J. Physiol., 277:Cl -9). Fibroblasts directly subjacent 
to the epithelium continued to express a-SMA for prolonged periods, as is seen in 
situ, suggesting that epithelial-derived signals induce a myofibroblast phenotype 
(Sappino, AP. et al.. 1989 Vircho^^>s Arch. A. Pathol. Anat. Histopathol. 41 5:551- 
557). The contribution of mesenchymal cells to epithelial cell growth and 
differentiation is thus two-fold: 1) production of soluble growth factors; and 2) 
production of matrix proteins that fimction as basement membrane components. 
These organotypic reconstructs of the invention are viable for about one month. 

Besides growth, migration of the epithelial cells appears to be important for 
homeostasis of the intestinal reconstruct Only in cultures in HGF-containing medium 
were epithelium cells able to cover the entire collagen matrix, consistent with 
evidence that this growth factor provides migratory stimulation. EGF also has been 
reported to stimulate migration (Basson. M. D. et al, 1992 J Clin Invest 90. 1 5-23). 

Specific morphologies and states of organization were observed by growth in 
the base media plus 1% FCS and sub-combinations of the other factors. :LIF was one 
of ttie most critical mitogens and morphogens. In the presence of LIF and EGF only, 
epithelial cells fomied a polarized mono-layer of highly cylindrical cells. Epithelia 
showed disorganized and undifferentiated growth in media containing LIF. EGF and 
insulin. Proliferation and cell-type specific morphology were further enhanced and 
altered, respectively, by the combination of SCF, ET-3, EGF, and insulin. Under 
these conditions, epithelia formed highly disorganized structures of stratified and 
pseudo-stratified cells. Goblet cells lost polarity and deposited mucus towards the 

basement membrane. 

The number of goblet cells decreased in UF-containing media, most likbly 
because LIF can inhibit differentiation. The dysptestic morphology and decreased 
number of goblet cells are early indications of pie-malignancy in the human colon 
(Wargovich MJ. et al.. 1983 J, Natl. Cancer Inst., 71:125-131 and Archer, MC. et al.. 
1992 Environ. Health Perspect.. 98:195-197). In complete medium, other growA 
factors induced a balance between proliferation and differentiation. 
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In other embodiments of the organotypic culture of this invention, when the 
stromal matrix layer was coated with laminin 1, differentiation of the colonic 
epithelial cells was induced. By contrast, when the stromal matrix layer was coated 
with laminin 2, the cells were slower to polarize and proliferation of the cells was 
5 observed. 

The intestinal reconstnict of the invention has multiple uses as discussed 
below. For specific uses, it is advantageous to employ growth conditions, 
components and media, as discussed, which produce an organotypic culture with the 
desired characteristics. It should farther be noted that the overall size of the 

1 0 reconstruct can be varied. The reconstruct can be up to about 2 cm in length and up to 

about 7 mm thick. If desirable, the coiistriction level of the reconstruct can be 
manipulated by the amount of fibroblast introduced and the level of growth factors in 
the media. The standard conditions described in the examples lead to constriction of 
the stromal reconstruct up to about 10% of its original volume. Generally, a greater 

1 5 constriction results in a smaller but tougher, more easy to. manipulate reconstruct, but 

less constriction leads to a larger and more elastic reconstruct* Reductions to 5% to 
20% of the original volume are possible. Still other embodiments of the organotypic 
cultures of this invention are discussed below in the Examples. 

20 III. Methods ofUseofthe Organotypic Culture 

As discussed above, the organotypic intestinal reconstructs of the invention 
have multiple uses. This new reconstruction model of the normal human colon is 
useful in a method for identifying factors mvolved in the homeostatic balance of 
normal colonic epithelium and in its dysregulation. The results of die construction of 

25 the cultures in various supplemented media provide evidence that an imbalance of 

growth factors in colon epithelia contributes to transformation of the epithelium. This 
information thus allows for use of organotypic reconstructs in accordance with the 
invention for identification of compounds, molecules and growth factors or any other 
natural or synthetic agents that control or affect cell differentiation, proliferation, 

30 migration, malignancy, metabolism, transport, homeastasy and the like. Because they 
are relatively easy to generate in a reproducible manner, ttie organotypic cultures can 
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be used advantageously for a number of purposes including hormone and growth 
factor regulatory influences as well as cell-cell and cell-matrix interactions. 
Other potential applications for the organotypic cultures are numerous and include the 
analysis of drug and nutrient transport and metabolism and the study of 
5 microorganism intestinal epithelial cell interactions. 

For example, screening assays are useful to identify therai>eutic agents, or to 
determine if agents are carcinogenic, or to allow study of drug candidates in terms of 
their effect on the tissue and their absorption in the tissue or localization in a type of 
cell or cellular compartment A skilled artisan will readily appreciate that certain 
10 physiological or morphological embodiments of the organotypic cultures are more 

suitably adapted to specific purposes. The observations herein on the effect on 
growth, organization, polarization, generation of cell types, and movement of the cell 
types of the reconstruct grown in the various subsets of factors added to the minimal 
media allows the skilled artisan to employ a particular reconstruct in accordance to 
15 • the invention. 

For exairiple, drug absorption studies may preferably utilize the organotypic 
culture containing small intestine qpithelial cells as opposed to colonic epithelial cells, 
because absorption occurs predominantly in the small intestine. When evaluating an 
agent for its potential negative effect on cell replication, it may be advantageous to 
20 grow the organo^ic reconstruct in a combination of growth factors and/or laminin-1 

or laminin 2. The combination of factors is selected by the person of skill in the art to 
enhance or inhibit cell proliferation, or enhance or inhibit cell differentiation, 
depending on the specific effect expected of the drug candidate. Further for drug 
screening, the culture of the invention may be grown in base media plus EGF, insulin 
25 and optionally only 1% fetal calf serum (FCS), unlike die more typical complex 
media or minimal media fortified by higher levels of PCS, typically 10%. Lower 
levels of PCS in media are desired for drug screening because PCS may mask, inhibit, 
degrade or compete with the effects of specific drug candidates. 

The agents to be tested in die various assays described below can be from any 
30 source. Por example, natural or isolated factors, proteins, polypeptides or fragments, 
or combinations thereof, or synthetic versions thereof, chemical agents, synthetic 
molecules and the like, may be assayed. Pood ingredients may also be assays. 
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Synthetic chemicals, biochemicals, or h'btaiy of factors can be tested. The agent tested 
may be labeled for convenience of detection and/or isolation. Labeling can be by any 
method known in the art, example by conjugation labeling, by ladiolabeling or by 
addition of an affmity tag sequence to As primary sequence (for example a His amino 
5 acid sequence to the end of a protein sequence). Alternatively, an unlabeled factor can 

be detected after the assay, by immune assays, enzymatic assays, or metabolic assays. 
The selection of the label, and die type of detectable assay (e.g., immunoassays, 
enzymatic assays and the like) to further detect flie agent's presence in the culture 
over time, may be readily selected by one of skill in the art 
1 0 Thus, in one embodiment, a method of in vitro screening of an agent can be 

accomplished by contacting an organotypic culture of this invention with the agent in 
a vessel, and observing the effect of the agent upon the culture. For example, in one 
such method, the agent is a drug candidate, and screening includes determining the 
absoiptk>n rate of the drug candidate by measuring and observing the movement of 
1 5 the drug candidate through the epithelial cell layer at the top of flie culture, optionally 
as a function of time. 

In one embodiment, an assay diat permits screening for absorption;6f a drug 
candidate employs the organotypic culture prepared with human small intestinal cells, 
seeded on an artificial stroma coated with a matrix protein, e.g., Laminin-1 or 
20 Laminin-2. Preferably, the reconstract would be grown in complete media. 
Depending on tiie identity of ttie drug candidate, it may be labeled with a 
conventional detectable label. Altatnatively, an enzymatic assay or immunoassay is 
available to detect the drug candidate. When the epitfielial cells are still young but 
well dcvcteped on the culture (about 5 days afler seeding), flie drug candidate is 
25 spotted on a small surface area on top of the reconstruct. The culture is observed. 
The presence of the drug appearing at the bottom of Uie vessel in which the 
reconstruct is grown or in cells isolated from die reconstruct at a site away from Ae 
application site, as detected by the label, enzymatic assay or immunoassay, is 
indicative of absorption. In an alternative embodiment. Ae drug candidate is placed 
30 at the growth vessel at the bottom of the culture and its detection in epithelial cells at 
the top of the culture is similarty monitored. In still another embodiment of a 
screening assay, the rate of absorption is determined in time controlled experiments. 
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Another screening assay involves screening the agent for toxicity to human 
intestinal tissue. In this embodiment of the method, the observing step involves 
observing the effects of the agent on the morphology and life span of the epithelial 
cells, whereby an agent which reduces the life span of the epithelial cells or has a 
5 negative impact on the morphology of the epithelial cells is toxic. Similarly, the 

screening methods of this invention can include screening the agent for its effects on 
honnone regulation in the culture or screening the agent for binding for a receptor in 
the culture. 

Still another use of the organotypic culture of this invention is in a method for 
1 0 screening an agent for repairing effect on intestinal epithelial cell injury. According 

to this type of assay, the layer of epithelial cells on an organotypic culture is 
disrupted. The site of disruption is contacted or exposed to the agent. Observing the 
effects of tfie agent on the repair of the epithelial cell layer permits a determination 
that an agent which promotes repair of the epithelial cell layer is capable of repairing 
15 the injury. In one embodiment, such an assay to screen for agents that can promote 

healing of a wound in a colonic/intestinal tissue employs an organotypic culture of 
this invention that was grown in the complete media and, preferably, has:^n artificial 
stromal layer that was coated with Laminin-1 and/or Laminin-2. When still young but 
well developed (about day 4), the organotypic reconstruct would be wounded. The 
20 wound could be made mechanically (a scratch), or by a temporary/local exposure to 

an acid or to a base, or a virus, etc. The wounded reconstruct would be allowed to 
recover in the presence of a drug candidate. Proper controls may include a similarly 
constructed and damaged reconstruct left without treatment Comparison of the rate 
of repair and the final repair condition of the treated culture vs. the control culture 
25 would permit identification of a suitable therapeutic agent 

In another example, an assay is designed for screening for agents that can 
promote healing of a malignancy and destroy or inhibit growth of malignant cells in 
colonic/intestinal tissue. The organotypic culture useful in this invention would be 
the embodiment described above which is additionally seeded on the surface of the 
30 artificial stroma with a malignant cell type, for example a cancerous or malignant 

tumor cell. Once the tumor cell is developed on the organotypic culture, the culture is 
contacted with the agent The effect of an agent or a drug candidate on the 
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proliferation, growth or general morphology of the malignant cell type would be 
observed. Proper controls may include a similarly constructed and seeded or 
implanted reconstruct left without treatment by the drug candidate. 

Still another example of a screening assay of this invention involves studying 
S the effect of an agent, for example an environmental factor or a food type, on the 

proliferation, differentiation or survival of cells in flie culture. For the study of 
differentiation, the embodiment of the organotypic culture that may be used optionally 
contains the stroma coated widi Laminin-1 . If the effect on cell proliferation is to be 
studied, the culture may be advantageously grown in a minimal medium (EGF, 

10 insulin, 2% PCS). 

One of skill in the art will recognize other possible assays, including assays 
that use multiple agents to determine their combined effects on the organotypic 
culture, and the preferred embodiment of the organotypic culture to elucidate the 
specific question of the assay. 

1 5 In another embodiment, the culture of this invention is useful in a method for 

enhancing epitfielial cell repair at an in vivo site of intestinal or colonic injury. 
According to this method, at least one of collagen, fibroblasts, at least on^fgrowth 
factw that binds the IGF-1 receptor, at least one growth factor that binds the iEGF 
receptor, and LIF, and a combination thereof are delivered to the site of the injury. 

20 The delivery can include administering to the site of die injury at least one 

recombinant vector comprising a polynucleotide molecule encoding at least one of a 
growth factor that binds the IGF-1 receptor, a growth factor diat binds the EGF 
receptor, a growth factor that binds die LOF receptor, or a combination thereof. The 
vector may be present in a transfected or infected fibroblast delivered to the site of the 

25 injury. The vector may be present in transfected or infected intestinal or colonic 
epithelial cells delivered to die site of the injury. The metiiods of delivery may be 
selected by the attending physician with regard to die nature of the injury, and the 
particular therapeutic composition being administered. However, it is anticipated that 
local administration would be preferred. The amounts and dosages of such vectors or 

30 organotypic components would also be selected by one of skill in the art 

Still another use of the culture of this invention is in treating an intestinal 
wound by placing an organotypic culture on the intestinal wound in a patient, i.e., 
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using the culture as a tissue replacement in a surgical procedure. Preferably at least 
one cell present in said organotypic culture is allogeneic to the patient receiving 
treatment This method is useful in treating wound is caused by, inter alia, chronic 
inflammation, Crohn^s disease, ulcerative colitis, intestinal hemorrhage, 
5 hemorrhaging diarrhea, ulcers, or a malabsorption syndrome. Such wounds may also 

be the result of surgery, e.g., a post operative wound, or irradiation, e.g^, a post 
irradiation treatment 

Typically the reconstruct used for treatment would be one that most closely 
resembles the in situ tissue. In that respect, a treatment would preferably employ a 

1 0 reconstruct made by the seeding of small intestine cells. Preferably, the reconstruct 

would be grown on the complete media. In accordance with another embodiment, at 
least one of the cell types used to construct the intestinal reconstruct is allogeneic, i.e., 
derived from the patient who will receive treatment 

The following examples are provided to illustrate the invention and do not 

1 S limit the scope thereof. One skilled in the art will appreciate that although specific 

reagents and conditions are outlined in the following examples, modifications can* be 
made which are clearly encompassed by the spirit and scope of the invention, which 
modifications do not involve undue experimentation on the part of the person of skill 
in the art. 

20 

EXAMPLE 1: PREPARATION OF ORGANOTYPIC CULTURES 
A. Cells 

Human colonic fibroblasts were established from explants of colons from 7- to 
20*week-^ld fetuses of therapeutic or spontaneous abortions. The colonic explants 

25 were obtained through Advanced Bioscience Resources (Alameda, CA), after 

approval by die Institutional Review Board. Out of three fibroblast cell lines 
established from these explants, FFC331 was used for most of these studies. The . 
fibroblasts were cultured in Dull>ecco's modified minimum essential medium 
(DMEM, GIBCO BRL, Rockville, MD) supplemented with 10% fetal calf serum 

30 (FCS, Cansera, Rexdale, Ontario, Canada) and antibiotics. Cultures were used up to 

passage 10. 
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Human smooth muscle cells (HIAS 1 19) were isolated from large vessels and 
maintained in medium Ml 99. supplemented with 1 0% FCS. 2 mM L-glutamine, and 
50 pg/ml of bovine hypothalamic extract (Sorger, T. et al. 1995 In Vitro Cell Dev. 

Biol. Anim.. 31:671-683): 
5 Human enteric epithelial cells were isolated by dissociation from the colon 

specimens within 24 hr after surgery. The colon lumen was opened and washed in 
Hank's buffered salt solution (HBSS; Gibco BRL) supplemented with penicillin at 
200 U/ml, streptomycin at 200 jig/ml (3O-0O2.CL. Cellgro. Hemdon. VA) and 
gentamycin at 100 |ig/ml (30-005-CR. Cellgro). After removal of the serosa, the 

10 remaining tissue was incubated for 10 min in HBSS containing 20 mg/ml Mucomyse 

(N-acetyl-L^stein; Sigma, St Louis. MO). pH 7.2. to remove surface-bound mucin. 
After three washings, the tissue was dissociated at 37-C in HBSS without calcium and 
magnesium (GIBCO BRL). supplemented with I mg/ml D-glucose (Sigma) and 1 mM 
ethylene diaminetetraacetic acid (EDTA; Sigma). After 10-minute incubation with 

15 occasional shaking, single cells and small cell clusters were removed and collected in 

a 2-fold volume of base medium supplemented with 5% FCS. TTie procedure was 
repeated twice. AH collected epithelia were pelleted at 800 xg for 10 minutes. Single 
cells -and cell clusters were washed and then resuspended in complete growth 

medium. 
20 B. Media 

Base medium consisted of 4 parts of MCDB 201 medium and 1 part of LIS 
medium (Sigma), 5 v^m\ of transferrin (Sigma), and 50 pg/ml of streptomycin and 
gentamycin. respectively. Complete growth medium consisted of base medium 
supplemented with recombinant human basic fibroblast growA factor (bFGF) at 1 0 
25 ng/ml. human recombinant epidermal growth factor (EGF) at 10 i»g/inl (Sigma). 

insulin at 5 pg/ml (Sigma), endothelin-3 (ET-3; Peninsula Labs. San Carlos, CA) at 
264 ng/ml. hepatocyte growth fector (HGF; R&D Systems, Miimeapolis. NIN) at 30 
ng/ml. leukemia inhibitory factor (UF; R&D Systems) at 0.2 ng/ml. stem cell factor 
(SCF; Sigma) at 30 ng/ml, autocrine motility factor (AMF, Sigma) at 35 ng/ml. and 
30 1% FCS (Nesbit M.. et al. 1999 Oncogene 18:6469-6476). 

To determine the role of growth factors on proliferation of colonic epithelial 
cells, this growth medium was modified by changing combinations of growth fectors 
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and deleting serum. Keratinocyte growth factor (KGF. R&D Systems) at 20 ng/ml 
was also tested as part of 23 growth factor combinations. 
C Preparation of the Organotypic Culture, 

In this embodiment and others in which smooth muscle cells are introduced 
into the artificial stroma, the artificial stroma is generally produced by mixing 
fibroblasts and smooth muscle cells in a 10: 1 ratio within the collagen. Specifically, 
collagen gels with embedded colonic fibroblasts and smoofli muscle cells (also 
referred to as artificial stroma or stromal reconstructs) were obtained by suspending 
bovine tendon acid-extracted collagen (Organogenesis, Canton, MA) to a final 
concentration of 0.9 to 1.1 mg/ml in DMEM supplemented with Vitamm C (Sigma) at 
50 nM/L, Uglutamine (GIBCO-BRL) at 1 .66 mM and 1% FCS. The suspension was 
neutralized, pH 7.2, with 7.5% sodium bicarbonate. Before the collagen gel hardened, 
colonic fibroblasts (2 X lOVml) and smooth muscle cells (2 X lOVml) were added. 
Chambered slides, Lab-Tek 8 or Lab-Tek 16 wells (Nalgene Nunc International, 
Rochester, NY) were filled with 0.3 and 0.2 ml of the collagen/cell mixture, 
respectively. 

Single epithelial cells and small cell clusters were freshly isolated; from the 
mucosa of fetal colon using mild EDTA treatment. After solidification of the 
artificial stroma, these fi-eshly isolated colonic epithelial cells in medium were seeded 
on the surface of the stroma to establish the organotypic culture. Specifically, the 
cultures were prepared by seeding epithelial cells in 0.4 ml of complete growth 
medium. After seeding, epithelia were incubated for 60-90 minutes in a low volume 
of medium (50-100 jil) to enhance attachment. The base medium of MCDB201/LI5 
with transferrin and aritibiotics was supplemented with EGF, Insulin, HGF, bFGF, 
ET-3. LIF, SCF, AMF, and 1% FCS. The colonic cells began attaching within 60 
minutes unless they were surrounded by mucin. 

D. Characterization of Organotypic Cultures. 

For evaluation of proliferation, cell proliferation labeling reagent (Amersham, 
Pharmacia Biotech, Inc., Piscataway, NJ) was added to the medium according to the 
manufacturer's instructions. Harvested cultures were fixed in 1 .5% paraformaldehyde 
followed by characterization, embedded in paraffin for sectioning and processed for 
microscopy. For electron microscopy, they were fixed in 4% glutaraldehyde. 
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For histochemistry and immunohistTChemistry, 5\m thick sections were cut 
from the paraflin beds and stained with hematoxylin and eosin (H&E), PAS, or 
Alcian Blue using standard procedures. Antibodies for staining were against 
bromodeoxyuridine (BrdU, Amersham Pharmacia Biotech, Inc, Piscataway, NJ), the 

5 proliferation marker Ki67 (DAKO, Carpinteria, CA), and a-SMA (Sigma). 

Immunohistochemistry was performed using standard protocols. 

Total relative cell numbers of a specific type were counted as an average of all 
nuclei counts from a minimum of 3 randomly selected cross-sections of a reconstruct. 
Goblet cells were counted based on their typical morphology and positive Alcian 

10 staining in at least 3 randomly selected slides. Proliferation rates in % were 

established by counting the number of BrdU or Ki-67-positive nuclei per total 
epithelial cell nuclei of section. Apoptotic cells were counted in H&E-stained 
sections ( Vagunda, V. et al. 2000 Anal. QuanL Cytol HistoL, 22:307-310). 
Apoptotic bodies and nuclei were determined according to the size and numbers of 

1 5 the fragments. Apoptosis was calculated as percentage of total nuclei per section 

(Kerr, JF. et al. 1972 Br. J. Cancer, 26:239-257) 
E. Results of Characterizations 

In the first embodiment of the organotypic culture described above, spreading 
of cells from clusters was seen after 12 hours. The tissue-Uke/structure was formalin- 

20 fixed 1 2 hours after seeding, and then sectioned and stained with hematoxilin and 

eosin (H&E). A cluster of epithelial cells attached in the middle of the culture, and 
flat cells began covering the free surface. After 24 hours, the cells had migrated over 
the entire matrix and formed a flat monolayer. At this time, the collagen began to 
shrink due to contraction by the fibroblasts and smoofli muscle cells. Maximum 

25 shrinkage was reached by day 3. The reconstructs at this point were 3 mm long and 

about 1 .5 mm thick. Day 4 after seeding an epithelial monolayer of polarized colonic 
cells has formed. Goblet cells are di^rsed throughout the epithelial layer. 
Fibroblasts and smooth muscle cells are found throughout the organotypic culture. 
The artificial stroma has constricted to approximately 10% of its original volume. 

30 Widi contraction of the collagen matrix, a change of the epithelial phenotype 

occurred, from flat on day 1 to cuboidal and columnar on day 4. 
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By day 10 after seeding, a continuous, well-polarized epithelial layer had 
covered all sides of the organotypic culture. Fibroblasts and smooth muscle cells 
remained dispersed throughout the collagen, but some fibroblasts migrated towards 
the epithelial layer arid closely aligned below it Mucin-producing goblet cells, 

5 identified by their morphology and Alcian blue positive staining, were dispersed 

throughout the epithelial cell layer. In complete growth medium, the percentage of 
goblet cells remained stable until day 10. By day 20, the monolayer of epithelial cells 
remained intact but the intemuclear distances increased. Goblet cells were still 
present by day 28, when the total cell number had decreased. 

1 0 Electron micrographs of the colon epithelium in organotypic culture 

demonstrated formation of welWeveloped microvilli on the apicaj surface of the 
epithelial cells. The upper lateral margins of the epithelial cells were connected by 
tight junction complexes. Intercellular adhesion complexes were formed by 
desmosomes and interdigitating folds. Brush borders and tight junctions were also 

1 5 identified in mucin-producing goblet cells. Neuroendocrine cells were filled with 

neurosecretory vesicles and lysosomes. Between the epithelial and mesenchymal 
layers, an immature basement membrane developed. 

r Immunohistochemistry of the organotypic culture 10 days after seeding by 
staining for the presence of a-SMA showed positive fibroblasts, identified by their 

20 rough endoplasmic reticulum, tightly aligned subjacent to the basal side of the 

epithelial cells. These fibroblasts resembled intestinal sub-epithelial myofibroblasts, 
regardless of whether a mixture of fibroblasts and smooth muscle cells or only 
fibroblasts were used for the artificial stroma. Only cells adjacent to the epithelium 
were positive for a-SMA. In a section of the fetal colon, similarly stained for a-SMA, 

25 an alignment of stained mesenchymal cells were observed beneath the epithelial layer 
of the myofibroblasts below the crypts. 

Two to 3% of epithelial cells on the stromal reconstructs stained positive for 
the proliferation markers Ki67 and BrdU on day 10, and 4.5% of the epithelial cells 
visible in the sections appeared apoptotic. 

30 In control cultures, colonic epithelial cells were seeded on plastic dishes 

coated with collagens I and m or Matrigel matrix, defined above. The colonic 
epithelial cells remained flat and died within 8 days. In co-cultures of fibroblasts, 
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smooth muscle cells, and epithelial cells, colonic epithelial cells were overgrown by 
fibroblasts and smooth muscle cells and died after a few days. 

EXAMPLE 2: GROWTH FACTOR MODULATION OF THE EPITHELIAL 

5 PHENOTYPE. 

To define the role of critical growth factors supporting growth and 
differentiation of the enteric epithelial cells, an organotypic culture, such as that 
described in Example 1. was grown in medium in which the number of supplements 
was reduced. 

10 In one experiment the base medium (MCDB 201/Ll 5 medium with 

transferrin and antibiotics) was supplemented with EOF and insulin. In the resulting 
organotypic culture on day 3. undifferentiated colonic epithelial cells attached to the 
artificial stroma, but they were not polarized. On day 7. in the presence of EOF and 
insulin, viable, non-polarized, epithelial cells survived in isolated small clusters with 
1 5 round-shaped undifferentiated morphology on the artificial stroma. 

In other experiments, the growth factors, including insulin. EOF. SCF. ET-3, 
KGF, bFGF, or AMF were added individually to the base medium (MCRB 201/Ll 5 
medium wiA transferrin and antibiotics). In each case, epithelial cell proliferation 
was not supported in the organotypic culture. 
20 In still other experiments, base medium was supplemented with EOF. insulin. 

and LIF. By day 3. flat epithelial cells are migrating on flie artificial stromal and form 
a monolayer covering the surface. On day 7. the colonic epithelial cells form highly 
cylindrical, polarized epithelial clusters. Mesenchymal fibroblasts closely underline 
Ae epidielial layer, but goblet cells were absent 
25 In another experiment, the epithelial cells were cultured in base medium 

supplemented with HGF. AMF. insulin, and 1% FCS. The resulting organotypic 
culture by day 4 had a flat, differentiated monolayer, which covers the entire artificial 
stroma. 

In another experiment, the organotypic cultures were prepared by seeding 
30 epithelial cells on tfie artificial stroma in complete medhim C or medium L/S/E or 
medium L. Medium C contained transfenin, insulin, bFGF. EOF. ET-3. HGF, LIF. 
SCF. AMF, and 1% FCS as supplements. L/S/E medium contained transferrin. 
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insulin, LIF, SCF, ET-3, EGF, and 1% FCS. L medium contained transferrin, insulin, 
LIF, EGF, and 1% FCS. Sections of the cultures were stained with H&E and Alcian 
blue after 12 hours (day 0) and 4 days. Values were generated SD of 5 fields from 2 
independent experiments. The numbers of cells attached on day 0 between the three 
5 groups were not significantly different On day 4, using epithelial cell numbers in 

complete medium C for comparison, the numbers of epithelial cells were significantly 
higher in L/S/E and L media (p < 0.001). The L/S/E-supplemented base medium 
(LIF, SCF, ET-3, EGF, insulin, and 1% FCS) induced formation by day 4 of highly 
disorganized structures of stratified and pseudostratified epithelial cells. The 
10 epithelium was hyperplastic with morphological atypia. In contrast to results obtamed 

with complete growth medium, only the upper surface rather than_the entire artificial 
stroma was covered with epithelium. The combination of LIF, SCF, ET-3, EGF, 
insulin and 1 % FCS stimulated formation of an epithelial layer with the highest cell 
numbers which were approximately double compared to complete medium 
1 5 This growth-inducing medium VS/E stimulated the formation of goblet cells 

similar to those formed in complete growth medium. However, the number of goblet 
cells in L/S/E medium was significantly lower than those in complete medium (p < 
0.02) but not lower than those in C-medium (p < 0.07). 

20 EXAMPLE 3: ROLE OF EXTRACELLULAR MATRIX (ECM). 

Another embodiment of an organotypic culture prepared as described 
substantially as in Example 2, has an additional component. An extracellular matrix 
was applied to the organotypic cultures by coating die artificial stroma with matrix 
; proteins Laminin-2 a2piYl (Life Technologies, Rockville, MD), Laminin -1 a2pi7l 
25 (Sigma), or Matrigel® gel matrix (Collaborative Research, Bedford, MA), which 

contains Laminin-1 and other matrix proteins, such as collagen IV and nitrogen 
(Burgeson, RE., et al. 1994 Matrix BioUl4:209'2l 1 and Page. KC. et al. 1990 BioL 
Reprod., 43:659-664). 

Fifty to 100 ii\ of base medium containing 20 ng/ml of laminins were added 
30 onto the surface of the artificial stroma for 60 minutes at 37*^C. Matrigel® matrix was 
diluted 1 :5 to 1 : 10 in base medium before use. After incubation, unbound laminins 
or Matrigel® matrix were removed by two washings with base medium. The 
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organotypic cultures were incubated at ST^'C in 5% CO2 in growth medium, which 
was changed daily for 7 days, then three times per week for an additional 21 days. 

Growth and differentiation of colonic epithelium in growth medium was 
regulated by ECM components at the interface between the stroma and the epithelial 

5 layer. These ECM experiments were done in base medium, supplemented with UF, 

SCF, ET3, EGF, insulin, and 1% PCS. Coating of the artificial stroma (i.e., collagen 
and cellular) matrix with Matrigel matrix and purified laminins increased adhesion 
and spreading. The epithelial cells and chisters attached within 1 5 minutes and spread 
within 30 lo 60 minutes. When one portion of the artificial stroma was coated with 

1 0 Matrigel matrix, which contains Laminin- 1 , and the other with purified Laminin-2, 

cells formed matrix-specific phenotypes. 

Quantitative analysis of the growth firactions confirmed that the different 
laminins control growth and differentiation. Laminin- 1, either as purified matrix 
protein or when present in Matrigel matrix, induced differentiation, whereas Laminin- 

1 5 2 stimulated cell growth. Enteric epithelial cells spread similarly on substrates of 

Laminins-2 and -1 bound to plastic of culture dishes. However, by day 5, the 
epithelial cells survived only with Laminin-2 as substrate and not with Laminin- 1 . 
Thexolorectal carcinoma cell line HT29 showed similarly better growth on Laminin- 
2 when compared to Laminin- 1. 

20 

EXAMPLE 4: ORGANOTYPIC CULTURES OP NORMAL HUMAN ENTERIC 
EPITHELIUM 

The following experiments provide more recent data on the generation of these 
organotypic cultures of the invention. 

25 A. Isolation Of Colonic Epithelial Cells. 

Human enteric epithelial cells were isolated from fetal colon obtained after 
therapeutic or spontaneous abortions at 17-21 weeks' gestation. Specimens were 
received through Advanced Bioscience Resources (Alameda, CA) after approval by 
the Institutional Review Board. The colon lumen was opened and washed in Hank's 

30 buffered salt solution (HBSS; Gibco BRL, Rockville, MD) supplemented with 
penicillin (200 U/ml), streptomycin (200 ^g/ml) (Cellgro, Hemdon, VA) and 
gentamycin (100 jig^ml) (Cellgro). After removal of the serosa, the tissue was 
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incubated for 10 minutes in HBSS containing 20 mg/ml Mucomyst (N-acetyl-L- 
cysteine; Sigma, St. Louis» MO), pH 7.2, to remove surface-bound mucin. After three 
washings, tissue was dissociated at 37*'C in HBSS without Ca^/Mg** (GIBCO BRL), 
supplemented with 1 mg/ml D-glucose (Sigma) and 1 mM ethylene diaminetetraacetic 
5 acid (EDTA; Sigma). Isolated colon mucosa was dissociated into single cells and 

small cell clusters. The epithelial layer was stripped, including the bottom of crypts. 

After 10-minute incubation with occasional shaking, these single cells and small 
cell clusters were removed and collected in a two- fold volume of base medium 
supplemented with 5% fetal calf serum (FCS). Base medium consisted of 4 parts 

10 MCDB 201 medium and 1 part LIS medium (Sigma), supplemented with 2 ng/ml 

human recombinant EGF (Sigma), S |ig/ml insulin (Sigma), S iig/ml transferrin 
(Sigma), SO iig/nil streptomycin and gentamycin, respectively, and 2% FCS. The 
procedure was repeated twice. All samples were pelleted at 800 xg for 10 minutes. 

These single cells and cell clusters were washed and resuspended in complete 

1 5 growth medium [base medium supplemented with 10 ng/ml human recombinant basic 

fibroblast growth factor (bFGF) (Nesbit, M. et al, 1999 Oncogene, 18, 6469-6476), 
264 ng/ml endothelin-3 (ET-3; Peninsula Labs, San Carlos, CA), 30 ng/ml hepatocyte 
gro«/th factor (HGF; R&D Systems, Minneapolis, MN), 0.2 ng/ml LIF (R&D 
Systems), 30 ng/ml stem cell factor (SCF; Sigma), and 3S ng/rnl autocrine motility 

20 factor (AMF; Sigma). 

A Isolation of Fibroblasts, 

Human colonic fibroblasts were derived from colon explants from 17- to 21- 
week fetuses. Fibroblasts of three specimens were cultured in Dulbecco's modified 
minimum essential medium (DMEM; GIBCO BRL) supplemented with 10% FCS 
25 (Cansera, Rexdale, Ontario, Canada) and antibiotics. Cultures were used up to 

passage 10. 

Human smooth muscle cells HIASl 1 9, kindly provided by Dr. E. Levine, The 
Wistar Institute, were isolated from large blood vessels and maintained in medium 
Ml 99, supplemented with 10% FCS, 2 mM L-glutamine, and 50 ^ig/ml bovine 
30 hypothalamus extract (Oda, D. et al, 1998 In Vitro Cell. Dev. BioL Anim., 34, 46-52). 

Fibroblasts at 8 X lOVml were embedded in collagen type I (Organogenesis, Canton, 
MA) to a final concentration of 0.9 to 1.1 mg/ml in DMEM supplemented with 50 ^M 
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vitamin C (Sigma). 1.66 mM L-gJutamine (GIBCO-BRL). and 1% FCS. The 
suspension was neutralized. pH 7.2. using 7.5% sodium bicarbonate. Chambered 
slides. Lab-Tek 8 wells (Nunc International. Rochester, NY), were filled with 0.2 ml 
of the collagen and cell suspension. In initial experiments, fibroblasts were seeded 
5 together witb smooth muscle cells (2 X 1 0*/ml). 

C Preparation of the Organotypic Culture 

Colonic epithelial cells described above were seeded on top of collagen gels 
containing embedded fibroblasts described above in 0.4 ml of complete growth 
medium. After seeding onto the matrix of collagen type I with embedded fibroblasts. 
10 samples were incubated at 37»C in 5% CO2 for 60-90 minutes in a low volume of 

medium (50-100 jil) to enhance attachment Tbe epithelial cells and clusters attached 
within 60 minutes. The wells were then filled with complete growth medium. 
Medium was changed daily for 10 days, then three times per week for an additional 
21 days. 

15 D. Characterization of the Culture 

Proliferation of organotypic cultures was d^ermined by adding 
bromodeoxyuridine (BrdU) to the medium according to the manufacturet?s 
instructions (Amersham Pharmacia Biotech. Inc.. Piscataway. NJ). Thymidine 
incorporation was measured in cells, incubated with 1 jiCi 'H-thymidineAvell for 18 
20 hours before harvest and determination of radioactivity. 

The organotypic cultures were characterized as follows. Harvested organotypic 

cultures were fixed in 1 .5% paraformaldehyde and embedded in paraffin. For 
electron microscopy (EM), cultures were fixed in 4% glutaraldehyde. For 
histochemistry and immunohistochemistiy, S-jun thick sections were cut from the 
25 paraffin beds and stained with hematoxylin and eosin (H&E) or Alcian Blue using 

standard procedures. 

Goblet cells were detected using Alcian Blue and EM. Enteroendocrine cells 
were identified by chromogranin A staining and EM. Immunohistochemical staining 
was done with monoclonal antibodies specific for BrdU (Amersham). Ki67 (DAKO. 
30 Carpinteria, CA). a-smooth muscle actin (SMA) (Sigma), cytokeratin 19 (CK 19; 
antibody BA17 [33] kindly provided by Dr. J. Kovarik. Brno. Czech Rep.), 
chromogranin A (Novocastra. New Castle Upon Tyne. UK) and carbonic anhydrase II 
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(The Binding Site Limited, Binningham, UK). Immunohistochemistry was 
perfonmed by standard techniques as described (Dai, C. Y, et al, 2000 
Gastroenterology, 1 1 9, 929-942). Alkaline phosphatase activity of paraffin-embedded 
samples was detected using colorimetric substrate (AP Substrate Kit, SK 15100, 
5 Vector, Burlingame, CA). 

Cell numbers were determined per high-power field (0. 1 1 x 0. 1 8 mm) using 
40X magnification as the mean {± SD) of 364 measurements. Constriction of collagen 
matrices was measured as the length of the longitudinal axis of collagen harvested on 
days 0.5, 4 and 10 (mean ± SD of 32 measurements of 4 samples. Positive cells per 
10 area were counted in 12 consecutive fields per cross-section (mean ± SD of 1 6 areas 

of 2 random cross-sections from 4 samples. Relative number of positive cells per area 
was expressed as mean ± SD of positive/total cells from 16 areas of 2 random cross- 
sections for each sample. Statistical significance was tested using Student's t-test 
In these cultures colonic epithelial cells attached within 60 minutes. The cells 
15 began spreading from clusters at 6 hours after seeding (Fig. 1) and migrated to cover 

the entire matrix. Constriction of collagen by the fibroblasts started after 24 hours 
and was maximal by day 4 when the matrix had shrunk to approximately, 40% of its 
original volume (Fig. 1). 

Beicause initial experiments with a mixture of fibroblasts and smooth muscle 
20 cells (10:1) revealed no alteration of constriction or properties of the epithelial cells, 

all subsequent analyses were performed with fibroblasts only, which remained viable 
throughout the experiments. As the collagen matrix constricted, epithelial cell 
morphology changed from flat during the initial migratory phase to polarized and 
columnar by day 4. Mucin-producing goblet cells, based on their morphology and 
25 Alcian blue-positive staining, distributed throughout the epithelial cell layer. 

Fibroblasts migrated closely underneath the epithelial layer. The 4 day reconstruct is 
partially covered by the epithelial layer. After 10 days, epithelial cells covered all 
sides of the collagen matrix. The epithelial layer was continuous and well-polarized. 
At this time, 2-10% of epithelial cells stained positive for the proliferation marker 
30 Ki67 and up to 70% had incorporated BrdU when continuously added to the medium 
starting at the time of seeding. Total cell numbers began to decrease by day 20 when 
cells flattened. Mucin-producing goblet cells, identified by flieir typical round 
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moiphology and staining with Alcian Blue, were distributed throughout the epithelial 
cell layer. The percentage of goblet cells in the layers remained stable until day 10 
and individual cells had incorporated BrdU, but their total number decreased together 
with a decrease in all epithelial cells. 
5 Fibroblasts remained dispersed throughout the collagen. Fibroblasts migrating 

toward the epithelial cell layer expressed a-SMA as a myofibroblast marker. a-SMA- 
positive intestinal subepithelial myofibroblasts were also seen in normal fetal human 
colon (control). Cells grown in monolayer or on a collagen matrix without fibroblasts 
did not proliferate on day 4 as determined by 'H-thymidine incorporation assay and 
1 0 Ki67 immunohistochemistry, and they flattened and died by day 8 at the latest 

' EM analysis of the colonic epithelium in organotypic culture-(l 0 day) revealed 
absorptive enterocytes witfi brush border, apical junctional complices with tight 
junction, desmosomes, interdigitating folds, immature basement membrane 
depositions and underlying mesenchymal cells, with rough endoplasmic reticulum and 
15 formation of regular bnish border. Well-developed microvilli were observed on the 
apical surface of the epithelial cells. The upper lateral margins of aU epithelial cells 
were intercoimected by tight junctions. Intercellular adhesion co^Iplexes^wete 
formed by desmosomes and interdigitating folds. Brush borders and tight junctions 
were identified in mucin-producing goblet cells with mucin-containing granules. 
20 Fibroblasts closely underlay the epithelium, with immature basement membrane. 
Specific vesicles and lysosomes were located close to flie base identified 
enteroendocrine cells, as confirmed by chromogranin A immunohistochemistry (see 
Fig 6C). Between the epithelial and mesenchymal layers, an immature basement 
membrane developed. Fibroblasts, identified by their extensive rough endoplasmic 
25 reticuhmi, aligned below the basal side of the epithelial cells so that each epithelial 
cell was underlined by a fibroblast Such thin layers of fibroblasts were absent in 
collagen surface areas free of epithelial cells. Neurosecretory cell containing specific 
vesicles and larger secondary lysosomes with und^lying fibroblasts were also 
observed 

30 Growtfi factors modulated epithelial cell growth and differentiatioa Epithelial 

cell growth and differentiation in the organotypic culture was achieved with complete 
growth medium of MCDB 201/L15 supplemented with EGF, insulin, transferring, 
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bFGF. ET-3. SCF, HGF, LIF, AMF, and 2% FCS. No single growth supplement 
sustained cell survival. 

Base medium supplemented with EGF, insulin and transferring allowed survival 
of cells for up to 7 days. Additional growth factors in the base medium altered 
5 morphology, differentiation and/or growth patterns of cells, inducing two distinct 

phenotypic patterns of the epithelial cells. Base medium containing EGF, insulin, 
transferring and 2% FCS supplemented with HGF and AMF induced a flat, cuboidal 
cellular phenotype and the cells expressed the differentiation marker carbonic 
anhydrase II (identified by staining), which marker is found in the upper crypts and 

10 villi in normal colon. Base medium supplemented with LIF, ET-3, and SCF induces 

disorganized, multi-layered epithelium of stratified and pseudo-stratified cells. The 
presence of LIF, ET-3, and SCF in the medium induced thickening of the colonic cell 
layer and inhibited expression of carbonic anhydrase II. Epithelial cells in both 
growth media expressed cytokeratin 19, which is found throughout the normal human 

1 5 colon, whereas alkaline phosphatase expressed in the upper crypts of normal colon 

was not detected. 

When only UF was added to base medium (day 3), Ac cells flattened and 
migrated to form a monolayer. On day 7, the proliferating epithelial cells show 
polarization with fibroblasts underlying the epithelial layer. LEF-stimulated cultures 

20 formed disorganized structures of stratified and semi-stratified cells that did not 

express the differentiation marker carbonic anhydrase IL 

Control cultures maintained in the absence of LIF remained round, and poorly 
attached by day 3, and cell numbers remained low, indicating little proliferation by 
day 7. In the control cultures with no fibroblasts m the collagen matrix, LIF could not 

25 sustain epithelial cell survival, resulting in cell death. Epithelial cells did not survive 

in the absence of both LIF and fibroblasts. 

Base medium with LIF and 2% FCS allowed migration of the epitiielial cells 
around the entire matrix by day 7, whereas cells in die absence of LIF covered only a 
portion of the matrix by day 7. Growth of epithelial cells was significantly stimulated 

30 by LIF (Figs. 2A-2C). Cells showed significant incorporation of BrdU (indicating 
proliferation of both fibroblasts in collagen and surface epithelial cells) and ^H- 
thymidine (Fig. 2A), with increased cell numbers/area (Fig. 2B), The stimulation of 
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DNA replication and ceH proliferation was solely attributable to LIF-mediated 
stimulation of epithelial cells and not of fibroblasts (Fig. 2C). LIP did not change 
collagen constriction by fibroblasts. 

Double staining of organotypic cultures with BidU and Alcian blue identified 
5 difFerentiated cells in organotypic colon cultures, including proliferating goblet cells. 

Goblet cells represented approximately 4% of all enterocytes, but differences in 
relative numbers of UF-cultured versus control base medium cultured cells were not 
significant (3.8 ± 3.5% versus 4.2 ± 3.2%, p = 0.81) (Fig. 3A). Hiere was a trend 
toward increased numbcis of goblet cells per area in UF-stimulated samples (2.25 ± 
10 1 .66 versus 1 .25 ± 0.99 in samples without LIF, p = 0.13). Cells cultured for 1 0 days 

in the presence of BidU and stained for Alcian blue showed that approximately 33% 
of the goblet cells had proliferated during this thne period. By contrast, relative 
numbers of enteroendocrine cells were significantly decreased in the presence of LIF 
(Fig. 3B). Cultures labeled for 10 days with BrdU, stained and then counterstained 
1 5 with chromogranin A for detection of enteroendocrine cells revealed no proliferating 
enteroendocrine cells. 

All references cited above as well as US provisional patent application No. 
60/3;i4.1 1 1 are incorporated herein by reference. 



20 
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CLAIMS 

1 . An organotypic culture comprising an artificial stroma comprising a 
mixture of collagen aind human fibroblasts isolated from a human colon or intestine, 

5 said stroma overlayed with epithelial cells isolated from a human colon or intestine, 

wherein present in said culture are at least one growth factor that binds the insulin 
growth factor- 1 (IGF-1) receptor, at least one growth factor that binds the epidermal 
growth factor (EGF) receptor, and at least one growth factor that binds the leukemia 
inhibitory factor (LIF) receptor. 

10 

2. . The culture according to claim 1 , wherein said collagen is selected 
from the group consisting of human collagen type I and bovine collagen type I. 

3. The culture according to claim 1 , wherein said fibroblasts are selected 
1 S from the group consisting of adult human colon fibroblasts, fetal human colon 

fibroblasts, adult human small intestinal fibroblasts, fetal human small intestinal 
fibroblasts, and human fibroblast stem cells. 

4. The culture according to claim 3, wherein said stem cells are derived 
20 from human bone mwpow. 

5. The culture according to claim 1 , wherein said fibroblast cells are 
derived from the cell line FFC33 1 . 

25 6. The culture according to claim 1» wherein said epithelial cells are 

selected from fhe group consisting of adult human colon epithelial cells, fetal human 
colon epithelial cells, adult human small intestinal epithelial cells, fetal human small 
intestinal epithelial cells and human epithelial stem cells. 

30 7. The culture according to claim 1 , further comprising human smooth 

muscle cells embedded into said collagen. 
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8. The culture accoiding to claim 1 , further comprising a layer of 
endothelial cells underlying said collagen and fibroblast mixture, wherein said 
endothelial cells form a capillary network induced by fibroblasts in said mixture. 

5 9. The culture according to claim 1 , comprismg at least one matrix 

protein selected from the group consisting of Laminin-1 and Laminin-2. 

1 0. The culture according to claim 1 , wherein said growth factor that binds 
the IGF-1 receptor is selected from the group consisting of insulin and IGF-1. 

10 

11. The culture according to claim l.whMcin said growth factor that binds 
the EGF receptor is selected from the group consisting of EOF and tumor growth 
factor-alpha (TGF-alpha). 

15 12. The culture according to claim 1 , wherein at least a portion of said 

fibroblasts are infected with a recombinant vector comprising a DNA sequence 
encoding a selected growth factor, under the control of regulatory sequenpes capable 
of expressing said factor in said fibroblast 

20 13. The culture according to claim 12, wherein said vector is a virus. 

14. The culture according to claim 13, wherein said virus is an adenovirus. 

15. The culture according to claim 12, wherein said growth factor is 
25 selected from at least one of the group consisting of a giowth factor that binds the 

IGF-l receptor, a growth factor that binds the EGF receptor, a growth factor that 
binds the LIF receptor, a growth factor that binds the hcpatocyte growth factor (HGF) 
receptor, a growth factor that binds the stem cell factor (SCF) receptor, a growth 
factor that binds the endothelin-3 (ET-3) receptor, a growth factor that binds the 
30 platelet derived growth factor (PDGF) receptor, Laminin-1 and Laminin-2. 



43 



BNSOOCID: <WO____0301875aA8_l_> 



wo 03/018752 



PCTAJS02/26663 



10 



1 6. The culture according to claim 1 , wherein at least a portion of said 
epithelial cells are infected with a recombinant vector comprising a DNA sequence 
encoding a selected growth factor, under the control of regulatory sequences capable 
of expressing said factor in said fibroblast. 

1 7. The culture according to claim 1 6, wherein said vector is a vinis. 

18. The culture according to claim 17, wherein said vector is an 
adenovirus. 



1 9. The culture according to claim 16, wherein said growth factor is 
selected from at least one of the group consisting of a growth factor that binds the 
lGF-1 receptor, a growth factor that binds the EGF receptor, a growth factor that 
binds the SCF receptor and a growth factor that binds the autocrine motility factor 
1 5 (AMP) receptor, a growth factor that binds the endothelin receptor A and a growfli 

factor that binds the endothelin receptor B. 

- 20. The culture according to claim 8, wherein at least a portion of said 
endothelial cells are infected with a recombinant vector comprising a DNA sequence 
20 encoding a selected growth factor, under the control of regulatory sequences capable 

of expressing said factor in said fibroblast. 

21 . The culture according to claim 26 wherein said vector is an adenovirus. 

25 22. An organotypic culture comprising an artificial stroma comprising a 

mixture of collagen and human fibroblasts isolated from a human colon or intestine, 
said stroma overlayed with epithelial cells isolated fix>m a human colon or intestine, 
wherein present in said culture are at least one growth factor that binds the IGF-1 
receptor, at least one growth factor that binds the EGF receptor, at least one growtii 

30 factor that binds the LIF receptor, at least one growth factor that binds the ET-3 

receptor, at least one growth factor that binds the HGF receptor, at least one growth 
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factor that binds the SCF receptor, and at least one growth factor that binds the AMF 
receptor and a combination of two or more said factors. 

23. The culture according to claim 22, further comprising an additional 
5 component selected from the group consisting of transferrin, fetal calf serum, and 

combinations thereof. 

24. A culture medium suitable for growth of an organotypic culture of 
claim 1 comprising a base media, at least one of insulin or IGF-1, at least one of EGF- 

10 1 orTGF-a.andLlF. 

25. The medium according to claim 24, further comprising one or more of 
a factor selected from the group consisting of ET-3, HGF, SCF and AMF. 

1 5 26. The medium according to claim 25, further comprising an additional 

component selected from the group consisting of transfenrin, fetal calf serum, and 
combinations thereof. 

21. A method of preparing an organotypic culture of claim 1 comprising: 
20 (a) assembling an artificial stroma by mbcing collagen and 

fibroblasts; 

(b) seeding said artificial stroma with epithelial cells in the 
presence of at least one growth factor diat binds the IGF-1 receptor, at least one 
growth factor that binds the EGF receptor, and at least one growth factor that binds 
25 flic LIF receptor. 

28. The mefliod according to claim 27, wherein said collagen is selected 
from the group consisting of human collagen type I and bovine collagen type I. 

30 29. The mefliod according to claim 27, wherem said fibroblasts are 

selected from the group consisting of adult human colon fibroblasts, fetal human 
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colon fibroblasts, adult human small intestinal fibroblasts, fetal human small intestinal 
fibroblasts, and human fibroblast stem cells. 

30. The method according to claim 29, wherein said stem cells are derived 
5 from human bone marrow. 

3 1 . The method according to claim 27, wherein said fibroblast cells are 
derived from the cell line FFC331 . 

10 32. The method according to claim 27, wherein said epithelial cells are 

selected froin the group consisting of adult human colon epithelial cells, fetal human 
colon epithelial cells, adult human small intestinal epithelial cells, fetal human small 
intestinal epithelial cells and human epithelial stem cells. 

15 33. The method according to claim 27, further comprising mixing human 

sniooth muscle cells into said collagen mixture. 

:^ 34. The method according to claim 27, further comprising layering said 
artificial stroma over a layer of endothelial cells. 

20 

35! The method according to claim 27, comprising introducing at least one 
matrix protein selected from the group consisting of Laminin-1 and Laminin-2 
between said artificial stroma and said epithelial cells or overlaying.said epithelial 
i cells. 

25 

36. The mediod according to claim 37, wherein said growth factor that 
binds the IGF-1 receptor is selected from the group consisting of insulin and IGF-1. 

37. The method according to claim 27, wherein said growth factor that 
30 binds the EGF receptor is selected from the group consisting of EOF and TGF-alpha. 
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38. The method according to claim 27, further comprising infecting prior 
to admixture with collagen, at least a portion of said fibroblasts with a recombinant 
vector comprising a DNA sequence encoding a selected growth factor, under the 
control of regulatory sequences capable of expressing said factor in said fibroblast 

39. The method according to claim 38. wherein said vector is an 
adenovirus. 

40. The mediod according to claim 38, wherein said growth factor is 
selected from at least one of the group consisting of a growth factor that binds Ae 
IGF- 1 receptor, a growth factor fliat binds the EGF receptor, a growth factor that 
binds the LIE receptor, a growth factor that binds the hepatocyte growth factor (HGF) 
receptor, a growth factor that binds the stem cell factor (SCF) receptor, a growth 
factor that binds the endothelin-3 (ET-3) receptor, a growth factor that binds the 
platelet derived growth factor (PDGF) receptor, Laminin-1 and Laminin-2, and a 
combination of said factors. 

41. The method according to claim 27, further comprising infecting prior 
to seeding, at least a portion of said epithelial cells with a recombinant vector 
comprising a DNA sequence encoding a selected growth factor, under the control of 
regulatory sequences capable of expressing said factor in said fibroblast. 

42. The method according to claim 4 1 , wherein said vector is a 
recombinant adenovirus. 

43. The method according to claim 41, wherein said growth factor is 
selected from at least one of the group consisting of a growth factor that binds the 
IGF-1 receptor, a growth factor that binds the EGF receptor, a growth factor that 
binds the SCF receptor and a growth factor tfiat binds the autocrine motility factor 

30 (AMF) receptor, a growth factor that binds the endothelin receptor A and a growth 

factor that binds the endothelin receptor B and a combination of said factors. 
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44. The method according to claim 34, further comprising infecting at least 
a portion of said endothelial cells with a recombinant vector comprising a DNA 
sequence encoding a selected growth factor, under the control of regulatory sequences 
capable of expressing said factor in said fibroblast. 

5 

45. The method according to claim 44, wherein said vector is a 
recombinant adenovirus. 

46. The method according to claim 27, comprising adding to said artificial 
1 0 stroma and said epithelial cells a medium comprising a base media, LIF, at least one 

of insulin or IGF- 1 , and at least one of EGF- 1 or TGF-a. 

47. The method according to claim 46, wherein said medium further 
comprises one or more of a factor selected from the group consisting of ET-3, HGF, 

15 SCFandAMF. 

48. The method according to claim 46, wherein said medium further 
comprises an additional component selected from the group consisting of transferrin, 
fetal calf serum and combinations thereof. 

20 

49. The method according to claim 27, further comprismg seeding a 
malignant cell on the artificial stroma to create a model of tumor formation or tumor- 
stroma interaction. 

25 50. A method of in vitro screening of an agent comprising contacting an 

organotypic culture of claim 1 with said agent in a vessel, and observing the effect of 
said agent upon said culture. 

5 1 . The method according to claim 50. wherein said agent is a drug 
30 candidate, and said screening comprises determining the absorption rate thereof, and 
wherein said observing step comprises observing the movement of said drag 
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candidate through the epithelial cell layer at the top of said culture as a function of 
time. 

52. The method according to claim 50, wherein said agent is screened for 
5 toxicity to human intestinal tissue, and wherein said observing step comprises 

observing the effects of said agent on the morphology and life span of said epithelial 
cells, whereby an agent which reduces the life span of the epithelial cells or has a 
negative impact on (he morphology of said epithelial cells is toxic. 

1 0 53. The method according to claim 50, wherein said agent is screened for 

its effects oh hormone regulation in said culture. 

54. The method according to claim 50, wherein said agent is screened for 
binding for a receptor in said culture. 

15 

55. A method for screening an agent for repairing effect on intestinal 
epithelial cell injury comprising: disrupting the layer of epithelial cells oii an 
organotypic culture of claim 1; contacting said site of disruption with said agent; and 
observing the effects of said agent on flie repair of said epithelial cell layer, whereby 

20 an agent which promotes repair of the epiflielial cell layer is capable of repairing said 
injury. 

56. A method for enhancing epithelial cell repair at an in vivo site of 

' intestinal or colonic injury comprising: delivering to tfie site of said injury at least one 
25 of collagen, fibroblasts, at least one growtfi factor that binds the IGF-1 receptor, at 

least one growth factor that binds the EGF receptor, and UF, and a combination 
thereof. 

57. The method according to claim 56, wherein said delivery comprises 
30 administering to said site of said injury at least one recombinant vector comprising a 

polynucleotide molecule encoding at least one of a factor selected from the group 
consisting of a growfli factor that binds the IGF-1 receptor, a growth factor fliat binds 
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the EGF receptor, a growth factor that binds the LIF receptor, and a combination 
thereof. 

58. The method according to claim 56, wherein said vector is present in a 
transfected or infected fibroblast delivered to the site of the injury. 

59. The method according to claim 56, wherein said vector is present in 
transfected or infected intestinal or colonic epithelial cells delivered to the site of the 
injury. 

60. A method of treating an intestinal wound, comprising placing an 
organotypic culture of claim 1 on an intestinal wound in a patient 

61 . The method according to claim 60, \yherein at least one cell present in 
1 5 said organotypic culture is allogeneic to said patient receiving treatment. 

62. The method according to claim 61 , wherein said wound is caused by a 
condition selected from the group consisting of chronic inflammation, Crohn's 
disease, ulcerative colitis, intestinal hemorrhage, hemorrhaging diarrhea, ulcer, post 

20 operative wound, a malabsorption syndrome, and post irradiation treatment. 
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